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Dr. Lakshman Gunaratnam BIO-UWO0-0256
Proposed Changes as of Aug 25, 2011

Proposed use of agents:

Gemcitabine: Induction of apoptosis in vitre and in vivo in AB1-HA-GR/AB1-HA cells

Tunicamycin: Induction of ER stress in cells; LD50: >0.4mg/kg; single use 5
micrograms; storage 5mg

Cycloheximide: Used to inhibit protein translation in cells; LD50 2mg/kg; single use
100 micrograms ; storage 1 gram

MG132: Inhibition of proteasome in cells’ LD50 N/A; single use 1 microgram;
storage 1 milligram

ALLN: Inhibition of proteasome in cells; LD50 N/A; single use 5 micrograms; storage
5 milligrams

Y27632: Highly potent, cell permeable, selective and ATP competitive inhibitor of
ROCK1 and ROCK2 (IC5,=800nM). Used to inhibit Rho Kinase in cells in vitro; LD50

N/A; single use 1 microgram; storage 1mg.

Dithiotheitol (DTT): Ruducing agent in lysis buffers; LD50 400mg/kg; single use 1
microgram; storage 5 grams

Bafilomycin A1: Inhibition of lysosomal function in cells; LD50 N/A; single use 1
microgram; storage 100 micrograms

Phorbol-12-myristate-13-acetate (PMA): trigger ectodomain cleavage of proteins
via MMP; LD50 N/A; sing le use 0.1-1 microgram; storage 1 milligram

TAPI-0: trigger ectodomain cleavage of proteins via MMP; LD50 N/A; single use 1
microgram; storage 1 milligram

Proposed use of cell lines:

PC-3: Human Prostate cancer cell line used for testing KIM-1 phosphorylation in cell
culture only.



OT-I: T cell receptor transgenic T cell line used for testing cross-presentation in cell
culture. These cells are derived from the OT-I T cell receptor transgenic mice
(primary T cells). (see attached paper)

OT-II: T cell receptor transgenic T cell line used for testing cross-presentation in cell

culture. These cells are derived from the OT-II T cell receptor transgenic mice
(primary T cells).

All of the following cell lines will be used to establish in vivo tumours in mice (sub-
cutaneous or intraperitoneal) and will be used in cell culture models to test antigen
cross-presentation in the lab.

AB1-HA-GR: Gemcitabine-resistant mesothelioma cell line

AB1-HA: Gemcitabine-sesitive mesothelioma cell line

B16-0Ova: Mouse melanoma cell line

B16-Ova-Bims: Mouse melanoma cell line modified to overexpress Bim
B16-Ova-FADD-DD: Mouse melanoma cell line modified to overexpress FADD

EL4: Mouse lymphoma cell line

EL4-Ova: Mouse lymphoma cell line overexpressing OVA antigen
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Mouse malignant mesothelioma cell line

Integumentary Sy

- Basic Information Price Category D Catalogue number CBAO144
, Other names Origin Mice (BALB/c strain, female, 6-8 weeks old)
Muscular Skeletal ‘ % were exposed to crocidolite asbestos through intraperitoneal
- Systerh Gl Lifies ' : | injection, resulting in tumour development. Cultures were
. a larger view established from malignant mesothelial cells obtained [Tom aseites
___________ fluid. Features Cells are tumourigenic in syngeneic
immunocompetent mice. Species Mouse Tissue Mesothelium
Morphology Most cells are epithelial-like. A3 12 and A1322 are
stellate-shaped, while AB1 appears fibroblast-like but shows a
e e typical epithelial “cobblestone™ appearance when confluent.
| wimretes Disease Aesbestos induced mesothelioma Availability In stock -
¢ please confirm with CellBank Australia
CouoteCer Handling Information Risk group PC2 Known hazards GMO
s status N/A
Culture Information Preferred temperature 37 Preferred CO2 5
Preferred medium RPMI1640 + 5% FCS Passaging Optimal split
ratio 1:8 Cryopreservation 10% DNSO + 907 FCS
References and Characteristics Markers Cells expressed Class-1,
but not Class-II, H2 antigens. Virtually all cell lines expressed H-
2Dd. Mutations Depositor Richard Lake - University ol Western
Australia Initial publication Davis MR, Nanning 1.S, Whitaker D,
Garlepp MJ, Robinson BW (1992) Establishment of a murine
model of malignant mesothelioma. Int J Cancer 52 881-886.
Subsequent publications Cancer Immunol Immunother. 1994
Dec;39(6):347-59. Isogenic lines Species confirmation Confirmed
as Mouse STR profile Not Available
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mor Cell Apoptosis In Vivo Increases Tumor
Antigen Cross-Presentation, Cross-Priming Rather than
Cross-Tolerizing Host Tumor-Specific CD8 T Cells'

Induction of

Anna K.

The tournal of timunology

owak,* Richard A. Lake,* Amanda L. Marzo,”* Bernadette Scott.**

William R. Heath,” Edward J. Collins,* Jeffrey A. Frelinger,’ and Bruce W, $. Robinson**

Cross-presentation of cell-bound Ags from established, solid tumors to CD8 cells is efficient and likely to have a role in determining
host response to tumor. A number of investigators have predicted that when tumor Ags are derived from apoplotic cells cither no
response, due to Ag “sequestration,” or CD8 cross-tolerance would ensue. Because the crucial issuc of whether this happens in vive
has never been addressed, we induced apoptosis of established hemagglutinin (HA)-transfected AB1 tumors in BALB/c mice using
the apoptosis-inducing reagent gemcitabine. This shrank the tumor by ~80%. This induction of apoptosis increased cross-
presentation of HA to CDS cells yet neither gross deletion nor functional tolerance of HA-specific CD8 cells were observed, based
on tetramer analysis, proliferation of specific CD8 T cells, and in vivo CTL activity. Interestingly, apoptosis primed the host for
a strong antitumor response to a second, virus-generated HA-specific signal in that administration of an HA-expressing virus after
gemcitabine administration markedly decreased tumor growth compared with viral administration without gemeitabine. Thus
tumor cell apoptosis in vivo neither sequesters tumor Ags nor cross-tolerizes tumor-specific CD8 cells. This observation has
fundamenial consequences for the development of tumor immunotherapy protocols and for understanding T cell reactivity to
tumaors and the in vive immune responses to apoptotic cells. The Journal of Immunolagy, 2003, 170: 4903--4913.

ntigens from peripheral twmor cells can enter the class |
pathway for presentation by host APCs to CD8 cells, a
process commonly known as “cross-presentation” (1-3).
Cross-presentation has been the focus of much research over the
past tew vears. I 1s an extremely efficient process and because it
can induce either wlerance or immunity to Ags expressed in nor-
mal tissues. it is thought to have a role in the maintenance of self
talerance as well as the rapid clearance of viruses (2) although
the overall importance of cross-presentation in vivo remains
uncertan (4
It is unknown whether spoptotic or live cells are the source of
cross-presented Ag in normal tissues (1). It is essential to under-
stund the effects of apoplosis on wumor Ag cross-presentation in
vivo because such knowledge is crucial for understanding how a
host interacts with established wmors and, equally importantly,
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how the induction of apoptosis in wmor cells, e, by chemother-
apy, alters the efficiency of cross-presentation and the response of
tumor-specific T cells.

In vitro, Ags from apoptosing cells can be cross prosented (o
specific CD8 cells via dendritic cells iDCS)™ and, in some studies.
macrophages and B cells (5). Studies with APCs loaded with apo-
ptotic cells in vitro then injected inw mice have produced quite
variable results, some demonstrating wicrance (6-%) and others
priming of CD8 responses (9--15). An in vivo study of apoptosing
pancreatic islet cells demonstrated the development of olerance
after cross-presentation of islet cell Ags (16). but no clear picture
is available of what is likely to vccur m vivoe when wmor cells
apaptose. However, what happens in viva is important. hecause the
outcome of cross-presentation ol Ags desived from turmor cells that
apoptose in vivo is likely o be crincai for developing effective
tumor immunotherapy approaches (17, 18). Thercfore. it is crucial
to establish methods of evaluating the in viva host response o
wmor Ags that are cross-presented [rom cells made apoptotic in
viva, and whether such a pracess induces wierance or sctivation ol
responding CDE cells.

Most of the data describing the relationship between cellular
apoptosis and T cell responses to Aus from such cells has been
generated in part or in whole by cross-presentation experiments
using in vitro systems, mostly undertaken 1o dey clop eflective 1m-
munotherapy protocols (19). Although these experniments have
provided important insights into APC phagocytic provesses, APC
subtypes, DC maturation pathways and the fate of mgested Ags,
they use artificially grown APCs in & non-lymph node (1LN) envi-
ronment. Such experiments are essential for the development ol
adoptive DC immunotherapy protocols but they cannot be certain
to predict the fate of in vivo apoptosing cells and their effect on

¥ Abbreviations used in this paper: 12C. dewdit, ool
agglutinin; CLA. clone 4 LN, draining LN, MELN. mesentere LN

LN honphonode: HA, hem-
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host smmune responscs. This may explain why in vitro studies
have produced variable results with regard 1o the capacity of apo-
plotic cells w be cross-presented by different host APCs.

To determine whether Ags cross-presented from tumor cetls
which apoplose in vivo are sequestered from the host Ag presen-
lahon pathways andfor induce Ag-specific tolerance, we estab-
lished o model vsing hemagelitinin (HA) Ag-transduced tumor
eells, in which apoptosis could be pharmacologically induced in
vivo using the false nucleatide agent, gemcitabine. This agent is
tdeal for studies of in vivo indluction of apoptosis because it in-
duces celf death by apoprosis, is relatively nontoxic, can be used in
vivo, snd s generad effects on immune responses are well-de-
seribed 20,2225

The data in owr study demonsirate that induction of tumor cell
apoplosis in vive nos only does not sequester cell-associated Ags
but actuatly increases (mor Ag cross-presentation, leading to
priming rather than wierance of wimor-specific CD8 T cells.

Materials and Mcethods
Mive

BALB'c (H-2"1 mice were obtained from the Animal Resources Cenler
(Perth. Austratiar and maintuned under standard conditions in the Depart-
menl of Medicine ammal holding wrca (University of Western Australia,
Perth. Australiay. Two lines of anti-i{A TCR transgenic mice were used.
Clone 4 TCR transgenic mice (CLA: Ref. 23) express a TCR recognizing
the dominant class brestricied 1L\ epitope. FINT TCR transgenic mice
express i class Herestricted receptor that recognizes the dominant class
H-restricted FLY epitope (24 All inice used in these studies were between
S and 12 wk ol wge.

Cell lincs

Allcelt hines were eguliely tesied wnd remained negative for Mycoplasima
spp. The vawrine ABE tumor col) line is a class 17, class 1™ tumorigenic
mialignint mesothelvma cell tine (25). Cell lines were maintained in RPM]
1640 dnvitegen, Carlshal, C A} supplemented with 20 mM HEPES, 0.05
mM 2R 10 Ul penicillin (CSI., Metbourne, Australia), 50 pg/ml
gemtamicin (David Bull Labs. Victona, Australia) and 3% FCS (Iavitro-
gen). ABT colls were irmslected with the murine influenza HA gene as
previously deseribed (ART-I1A: Rel’. 26). Expression of HA was measured
by FACS analysis belore use in cach experiment. Gemcitabine-resistant
ABT-HA {ARI-HA-GR 250) was generated by culturing cells in media
confaining progressively increasing concentrations of gemcitabine (Eli
Lilly. Indistapelis, TNy, At cacl concentration, the cell line was passaged
unlil growth Tates were (e sange s the untreated parent cell line before
increasing the concemrstion al gemwilahine. This cell line was grown and
passaged o finad concentration of 1.67 pug/ml gencitabine. The [Cy, as
assessed by the colortmettic MTT ussay was >800-Tuld that of the parent
cell line. ARI-IIAGR 250 muwintained equivalemt expression of the
HA Ay

Experimicntol prorocol

ARBT-HA o ART-TTA-GR 230 tumor cells (1 X 10%) were inoculated s.c. on
one side of the vential surtuce in the lower flank region. Treatment com-
meneed 9 days dater when a sinall palpable mmor was evident, ranging
fromy 12 mm in diameter. Mice were then injected ip. with 120 up/g
gemcitabing every third day for Give doses, a regimen previously estab-
fished as o maxinal tolerated dose for BALB/c mice (27). Control mice
received PRS vehicle alone. Mice were weighed before cach dose and the
dose wits adjusted for individual mice. Tumor size was measured with
calipers three simes weekly during the course ol chemotherapy and sub-
sequently winil lumor size reached -10 X 10 mm, at which poim mice
were cudfed.

Adoptive wranster of reansgenic vmphocytes

Adoptive transfer of transgenic lymphocytes was used to monitor changes
in umoe-speciic COS cell sumbers 11 mmors by tetramer staining, lym-
phacyte proliferatson assay s. and changes in levels of in vivo CTL activity.
Brielly, single celt suspensions of TCR transgenic Iymphocytes were pre-
pared from BALBY HNT and BALB/c C14 mice. CD4 lymphocytes were
added o mumtam CTL activity over the experimental time course (17).
LiNg were donated by iv. injection 1 day before the fivst reatmen dose.
Cells were washed riwree tinics in PBS and counted by trypan blue exclu-

sion after the third wash. Mice were warmed with a heat famp and 1hen
briefly restrained for i.v. injection. Calls t1 ~ i007) of each of IINT and
CL4 lymphocytes were injected iz 200 1

CFSE (“Lyons-Parish”) assay

To foliow the fate of individual T cells shrauglicul activation and clonal
expansion, the fluorescent dye CFSE tMotoculie Probes, B , OR) wis
used. Dilution of CTSE-labeled T cells wus pertored as originally de-
scribed by Lyons and Purish (28). Smgle cell suspensions « cre prepared
from LNs harvested from HNT or CL4 mice and Jabeled woh CFSE. Ea
perimental groups were injected 1.v. with 200 .21 per rpouse. Siaty-six hours
after wansler, experimental mice were culled wnd single celf suspensiosns
were prepared from the draining LNs (DEN comlateral LNS mesenters:
Iymph nodes (MLN), and spleens. Analys wis parformed en a FACScan
using CelQuest software (RD Inimunocytometry Systems, Sun Jose, CA)
For analysis of CESE-labeled cells, 10000 cvents were collected and
analyzed.

Tetramer staining

Tetramers were made as follows: HA-peplice K complexes were purified
by HPLC size exclusion clromaography and biotinylatedt Tumor-intil-
trating lymphocytes were extracted by ¢ wical disuggregation of lumor.
For analysis, 1 > 10% lymphocytes wore blocked in purified anti-mouse
CDI6/CDA2 (FeylIVIIR; BD PharMingen, San Diego. CA. then stained
with the HA teteamer for 2 h at roon tenpecure. Samples were then
incubated with FITC-labeled anti-CDX Al fo 30 min. Dats w ere acquiced
on a FACScan flow cytometer, and analysed using CellQuest software (BD
Imnunccytometry Systems).

Bone marrow chineras

BALB/c miice were lethally brvadiated itk W0 rad and then mijected iy,
with 5 X 10° BALB/c or BALB/c 12" Toiepleted bone muarma cells (1,
2}. The next day cach recipient wus infzcted 1 with St sl of Thy-1-
specific ascites (T24) 1o remove eesidual T colls. Mice were el to recon-
stilule for at least 6 wk before use.

In vivo cytoroxic T-lvmphocyie assay

The “in vive CTL assay ™ examines effectior CTL {unction s it has some
significant advantages over the in vitre CTLL precursor expaasion assay,
including the aveidance of many of the in vt arilacts geiated by the
later assay and the selective expansion ol CD¥ poputations It was per-
formed as previously deseribed (171 Eaperimeniut groups were injected
Lv. with 20¢ @l of differentially CFSE-labeled splervcytes per mouse.
Eighteen hours laler, experimental mice were vulled and simgle cell sus-
pensions were prepaced from the LN, conualateral LN, MLN, and
spleens. Analysis was performed on u FACSean {BD Riosciences, Moun-
tain View, CA} using CellQuest software. Fhe vvtotoxic ability of the host
CD8" population is measured by nwoniloeity the loss of the peptide-labelesd
CFSEM™ peak as compared with the comtrol CFSE ™ peak 1as per Ref. 17).

Lymphocyte proliferation assay

Single cell suspensions of lympliocytes wore wasled and vosuspended in
RPMI 1640 with 5% FCS at 2 < 10° eclls per welb in 50 11 snd seeded
into 96-well Aat-bottom tissue culture plates (8D Bioscencesr. Some wells
were precoated with 200 pl of antimuwine €13 :mAb RT3 2 Amesican
Type Culture Collection, Manassas, VA: ¢ mesul 1w PBS) overnight
4°C, otherwise CL4 peptide was sdded o e culires at colcentrations af
1, 0.1, and 001 pegfmil. After a 38-h incubation. wells were pulsed with
PHjthymidine {1 jCirwell) for 15 I and hans exted onto filter paper tor
scintillation counting. Al assays were done m wiplicare

Statistical analysis

Duta comparing differences belween groups wint assessed using a Student's
t test or the Mann-Whitney & nenparaimeuis test Differvices hetween
tumor growth rates were compared using ANOV A Kaplan-Alvier suevival
curves were compared using the log rand test. Differences were considered
significant when the p value was <005, Stanistical adysis was conducted
using the SPSS for Windows progrant and the CraphPad Prisan progran:
{GraphPad Software, San Diego, (A,

Results

Tumor Ag cross-presentation 10 host CDS cefly reguires hosi
APCs and weakly cross-primes

To confirm that the HA Ag was cross-prevented by donar APCs
rather than ditectly presented by the host wimor cells. hone marow
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FIGURE 1. Tumor Ag cross-presentation to host . A. BALBIc 5 B. BALB/c Into BALB/c o _C.BALB/ into BALB/z
CDN eelly requires host APCs. To determine whether g &1 e ! :1

host APCs were regitred for fumor Ay presentation, g g4 %ﬁ%}' ; 1

BALBse mice were cither studied intaect (A} or lethally s 7 ! Y

indizied to 90 g and then imiected Ly, with § 3¢ 108 §-§‘ 3§' roogt

T-depleted bone mwrow cells from BALB/e (B ie., “8 ﬁg- 3 : g

winel: could presend the peptide) or BALB/e. H-2(C; & 8] ! 5'

e which coul not present the peptide). Shown are l ' '

CESE prohivration anadyses m the wmor-DLN of PR rﬂéiq T ﬂ;eo i ;zé: MERRY Dlﬁ-ﬁ”'"'l'gf'"‘"“*""'""’_"

these reconstiluted ingee bearing the AB1-HA tumor.

reconstitntion experiments were performed. HA cross-presenta-
tion. measered by adoptive transfer of CFSE-labeled CD8 cells
inte the amimals as deseribed in Materials and Methods, was re-
stored in wradiated mice that received BALB/¢ matrow, ie., with
APCs that bore the H-2' MHC restriction elements required to
present the class 1 HA peptide w host CDR cells. HA cross-pre-
semadan was not restored inanimals that received BALB/¢ H-2°
marrow i, by cells that expressed H-2% and therefore could not
present this peptide (Fig. ). Thus, only when the host bone mar-
row-derived APC expressed the correct MHC haplotype was HA
presented to HA-spectfic T eells. ‘this indicates that the tumor does
nat direetly present HA, but sequires  cross-presentation by
host APC.

The apoprosis-inducing agenr gewicitabine shrinks the ABI-HA
Aoy i vive

The in vitra sensitvity ol AB1T-HA to gemcitabine was established
using the colorimetric MT 1 assay w determine the 1C4; of the drug
on this cefl line. The IC,, of the gemcitabine-resistant cell line
ABE-HA-GR250 was = 800-Told higher (dala not shown). To ex-
amine i vive sensitvity (o gemeitabine, mice were given standard
thetapy on a third daily schedule for five dases, 9 days after
ABL-HA wmor inocutation. Tumor sizes ranged from just palpa-
ble 1o 2 X 2 mm. Mice treated with gemcitabine showed a decrease
in wmor size and signiticant growth delay of wmors compared
with control teatment (p <0 003) (Fig. 24). When mice bearing
the gemeitabine-resistant ABL-HA-GR250 tumor were similarly
weated (Fig. 2A). there was no change in tamor growth rate be-
Ween mice receiving geneitabing or control injections. To quan-
tify the amount of trnor shrinkage induced by gemcitabine, the
eflect of pemcitabine on larger established wmors was examined
by starting treatmens when sumor size reached ~50 mm?. These
tumors showed an easly decrease in size followed by a plateau
after - -815¢ shrinkage on wimor volume in vive (Fig. 28). Tumor
regrowth almost always ocewsred several days after the end of
treatmnent.

Tnduciton of vpopiosis in vive doees not result in sequestration of
mor Ags from the cross-preseniation padnvay

The ellect of apoptetic cell death on cross-presentation was as-
sessed i mice inoculited with ABL-HA temor then treated with
gemeilabine, with tumor Ag-speeilie proliferation in vivo assessed
by wnalyzing changes i fluorescence in adoptively transterred
CESE-Tabeled wumer-specilic ivmphoceytes (Fig. 3).

In tumor-bearing mice treated with contral vehicle, there was a
graduat sereuse in tumor size and in the proportion of proliferat-
ing adopuvely wransferred HA-specific CD8 lymphocytes. When
mice were weaicd with gemeitabine, the stope of the line increased
significantdly (p < 0.02), with inereased proliferation seen when
related o equivident umor size (Fig. 34). For example, at a size of
40 mm~. Ag presentation from wimor that had been treated with
gemeitabine was nearly double that of animals given PBS alone

(Fig. 3B}. This demonsteates that Ay is more availabie for cross-
presentation following gemeitabine wrestment, ruther than being
sequestered Trom the cross-presentation pathway, This elfect was
unlikely to be due to prolonged presentation fom an “earlier”
tumor Ag load as Ag presentation ceased within severl days when
mice were “cured” of wimar and in animals that rejecied allogencic
tumor (data not shown).

To determing whether this effect wis due w0 umaor apoptosis or
simply a direct effect of gemcitabing increasing the cross-presenting

A. Early therapy with gemcitabine

120+
E T i
- .
g 100»: - s,r
g 00 ;
5 J
S L
3 ood i
£ A1 i~ ABY-HA-GR Cantrol
2 @ @ ABTHA Gemcitabine
§ ] /L ¥~ ABL.HA.GR Gameitablng
* 2 p - ABI-HA Coirol
] ‘/ T DRI Treaument
LT : e S PRI
) 10 i) k14 LY 50 &0
Dovg [rom tumonr faccwialion
B. Delayed therapy with gemcitabine
140
1 | vikvirror o rdasrn)
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FIGURE 2. The apoptosis-inducing agen geowilabine niduces regres-
sion of the ABLIIA tumor in vive. A. Marly Geatment Yo determine
whether this agent could produce tumur regression in vivo, wice (five per
group) with established AR1-HA or ctiubine-resistint. AB1-HA-
GR250 tumors were treated willl five doses of gemeitabine or PRS injec-
tion every 3 days from days 9 fo 21 aller tumor imvenlation, wad tuimor size
was evaluated. B, Late treatnzent. Mice (fine por zroap) with established
ABI-HA tumors weee treated with five doses of gemeitabine or PBS jn-
jection at 1hird daily intervals from when tomors reached 4 mean size of 50
mm?, Tumor size was caleulated as 1he product o twa measurcments ob-
tained using calipers. Both expesiments seere repeated on lhrve accastons
with similar results.
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A. Gemcitabine-sensitive tumor.
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B. Apoptosis increases antigen presentation.
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FIGURE 3 induction of apoplosis i vive does not tesult in sequestration of tumor Ags from the cross-presenlation pohivay. To delermnne whether
apaptosis mducted prevented removed tumor Ags froni the cross-presentation pathway, mice were inoculated witl (A) AR -HA tumor o 44 gamcilabing-
resistiunt ABE-TIA-GRISG tmor, ireated with gemeitabine as described above and & CFSE dilution (“Lyons-Parish ™) anadysis was widertahen One, 5,73,
and 2] days aller gemeiabine teatnent commenced, mice were adoptively transferred with CFSE-labeled cell suspension by nphoevies fres naive €A
mice. Ninty-sis hours later. mice were culled and their lymphocytes were analyzed by FACS for proliferative selivuy. reproesented as o halving of
flaorescence or eack division. Results were plotted representing tumor size vs percent profiferating cells adjusted for division mumber. €. Represemative
CFSE anulyses fon bing-sensitive tamor at s tumor velume of 40 mm®.

pemeital

activity of APCs, this experiment was repeated using the gemcit-
abine-resistant cell Une ABI-HA-GR250, as above. When mice
beuring the gemeitabine-resistant wmor were treated, there was no
significant dillerence in proliferative activity between animals re-
ceiving gemeilabine and those receiving control vehicle (Fig. 3C).
Furtheriere, when splenocyvies ol gemeitabine-treated mice were
used as APCs i o lvmphocyte proliferation assay requiring pre-
sentation ol spectfic peplides o untreated HNT or CL4 lympho-
cytes. there was no difference in proliferation between gemcitab-
ine-tretied or control APCs (data not shown), Thus, APC function
is not nonspecifically altered by gemcitabine.

Apoptasing twnor cells do nor induce deletion of mmor-specific
CDS8 cells

We assessed deletion of tumor-specific CI¥ celis alwer gemcital-
ine-induced apoptosis by using tetramers W evaluate (Wwnor-spe-
cific CD8 cell rumbers in vivo during and after reatment. Mice
bearing ABL-HA tmeors were teated w ith semeitabine or control
vehicle und DLN and spleens were removed, made 1o a single
cell suspension and double-stained with anti-CD8 AL (BD Phar-
Mingen) and class I' MHC-HA tetramer complexes ihen analyzed
by FACS (o determine the percentage of CDR T T cells specific for
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FIGURE 4. Apoptosing tumer cells do not delete CDS. To determine whether exposure of host T cells fo Ags from apapiotic tasmr cells induced deletion
and functional wlerince, (hese purameters were assayed in mice inoculated with ABI-HA tumer and treated with gemcitakite or contiol vehicle as
deseribed. .3 and £, Tumer velt apoplosis does not delete tumor-specific CD T cells. Five to 21 days after treatment commuced. mice wete culled and
their DLN () and spleens () were removed and double-stained for HA-specific lymphocytes using the KHA peptide-PE wtramer and COS-FITC. The
pereent of Iymphocytes stasning double-positive for both tetramer and CDB is shown. C, Tumor cell apoptosis inereases tatramer ~ CDY T volls i fumors
Thirtcer and 21 disys alter treatment conmmienced, mice were culled and their tumors were double-stained for tumor infiltrating Iy mphocytes s above, The
pereent of Iymiphovy tes staimng double-positive for boti letramer and CDS is shown. 12, Tetrarner ™ CD8 T cells also incresse in tumors follow g adoptive
transfer of wmor-spectlic T cells, To increase the precursor frequency of tumor-specific T eells, 1 % 1Y of cach of TINT and CL4 Iymphoeytes were
adoptively transterred 1 day hefore commencing treatment snd tetramer analysis wete perfornied on tumor-infiftrating Ivinphocvies as abos o

HAL Despite exposure w increased levels of cross-presented tumor
Ag, wmor-speciiic CDE T celt numbers in the DLN (Fig. 44} and
spleens (Fig. 48y of gemcisabine-treated animals were similar to

- -+ - Adoptive transfer oniy
mmam Turmor + PES

those from control animals, Interestingly, when tumors were ex- 754 == fumor+ Genuitabine T
amined, there was not only no evidence of reduction of specific -
CD®R T cells in wmars but in fact a significant increase in the g 1 e
percentage of teramer-positive cells in gemcitabine-treated ani- ki 50;
mals was observed 13 duys afier the start of gemcitabine treatment, & !
although there was ner signilicant ditference between the groups at % 1
21 days {Fig. ). Because examination of a small number of £
lymphocytes in twmors cin be inaccurate, we increased the pre- § 254 . o
cwrsor frequency of wmor-specific T cells by prior adoptive trans- 1
fer and agsin, gemeitabine-treated animals exhibited clearly in-
creased proportions of wmor-speeific CD§ cells within tumors 1
g

(Fig. 4. This pattern i wmore was not present at earlier time
pomts idata nat shawng, Overall there was no clear evidence that
wimor-specific CD8 cells were deleted after gemcitabine-induced Bays from start ¢f trealnand
MO SPOPIOSIS.
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FIGURE 5. Tumor cell apoptosis docs not dinviaish (wmuer-specific CD$
T cell Wtic function in vive. To determing whether apoptosis wedueed the
in vivo functional CTL activity of mar spevitic COR T cells, 1-21 days
fustienspecific CDS cefis after gemcitabine treatment commences! mive wete injected with 2 X 10"
Functional tolerance of wmor-spevilic CDE cells after gemeitabine larget cells (SPIL"HOC)'IEIS 10‘:11};‘]{ “"”_}ﬁll“!lit"l\'\‘lk'l“idt‘ and s iih ditferent
gremmoent was evaluated by assessing in vivo CTL activity in mice CESE m"ccn[mmns LCESET or LTS s e d“:f’ fatet. mice wers
. . T - culled and LN cells aud spleens were cxammed by FACS ter the rafio of
bearing ABL-HA wamoy and treated with gemcitabine or control S HIGH LW ) : - L
. . . . CTSE LCFSE™ cells to determing the percent killing of peptide-la-
vehicle. 1 l:, actvity eressed llﬂ t!O.th gm'-_‘p_s between days | and beled cells. Data shown are [or the DEN o oue experiniont using Hve
5 and ar no time was there any significant difference between gem- mive per experimental group. The dutted Tine ropresents the nean vadues
citabine-treated and control animals in the DLN (Fig. 3) and non- seen in mice identically adoptively tansforrsd wih CL4 ane UNT Tym-
DN or MENL Thus gemcitabine-induced apoptosis does not lead phocyles but that did not receive any wmor. e pemcilabine dJid not sip-
1o functional wleraice of wmor-specific CDY cells. nificantly alter those values. =, Stalistical sigoilicance. p = Q038

Apoprosiing nunar cells do mar induce funciional rolerance of
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Apopturic cells prime It antittonor CD8 responses in vivo

Although it was clear that the induction of wmor cell apoptosis
neither deleted nor wlerived the tumor-reactive CD8 cell popula-
tion, additional experiments were required (o determine whether
apoptotic wmaor ¢ells significantly primed the host antitumor im-
mune response st vivo. The proliferative ability of tumor-specific
CDE T cells Jollowing gemeitabine administration was assessed
as [ollows. Mice with small established tumors were treated with
a full course of gemeitabine. culled |, 3, §3, and 21 days after the
start ol gemcitabine teutment, and their lymphocytes were as-
sessed for proliteration in respanse to the nonspecific stimulus anti-
CD3 and o the class 1 HA pepride CL4. Although proliferation in
respanse o anti-CD3 was diminished in the lymphocytes of gem-
citabine-treated  snimals. these animals showed  significantly
greater proliferation to stimulation with the CL4 pepride at all time
points. Pay Ave postrestment 15 shown as representative of these
data (Fig. ).

Lo further deennine whether apoptotic cells primed host anti-
wmor respenses, we vaceinated these animals with the HA Ag-
bearing PRY inffucaza virus in the presence or absence of gemeit-
abine-induced apoplosis and evaluated tumor growth. Although a
mininual delay in tumer growth was demonstrable for PR virus
alone (Fig. 7.4), this was consistently < (0% and much smaller in
magnuude and dusation than the growth delay scen after gemcit-
abine weatment (g, 78). Also, while there was a small increase
(p = 085y in the median survival of mice receiving PR8 virus
without apeptoss induction 4 (+4 days) and 8 (-7 days) days
after tumor inoculation. mice treared with PRE virus after gemcit-
abine treatment showed o 16-day increase in median survival (p <
L.05Y compared with mice teated with gemeitabine alone (Fig.
78). In addiven, when oceasional mice (<X 2%) were cured of
established wmor using gemeitabine alone, they were subse-
quentiy reststant o rechatlenge with the same tumor and did not
show any vngoing Ag presentarien (data not shown). This priming
eflect ol Wwmwor apoplosis induction was further conlirmed by smd-
fes of activating ent-CD40 Ab FGK4S administration after gem-
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FIGURE 6. Apoplotic tumor cells prime CD8 cells. To determine
whether lenor-specitic CDN T cells had been primed in vive by tumer
peptides followms apoptosis muluction. mice were inoculated with
ABEILA tumor wnd 8 days ier were given HNT and CL4 iransgenic
ymiphocytes toincease the precursor frequency of umor-specific T celfs.
The tollowing day . mice were peated with gemceitabine or PBS on a third
daily schedule. Five duys after stuting treatment, mice were culled and
their LN tested for proliteration to 14 peptide, plate-beund anti-CD3, or
mo stimedus, Tumor-fiee BALBA TN were also examined. Data shown
represent one of thiree stntile experiments and were obtained from four
mice per group ut tnplivate wells. Results were similar berween the three
experments. oA value of p o< OG5 hetween gemcilabine-treated and
PHS-trauted groups.
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FIGURE 7. Apopiotic celis prime host sntitunor inunune respenscs in
vivo. 4, Groups of 10 mice were inovulated with ART-ILA tmwor, Four, 5.
and 12 days aller tumor ioculation, mice were suecinated vl 300 U of
PRE virus or control vehicle i.p. without recorting any gemettabine ther-
apy. B, Groups of 10 pice were inoculated witle AT-ITA tunor, trealed
with gemcitabine as above, then, 2 days «Wice ihe final dos
nated with 500 T of PRE virus or control sehwle ip. Mice wore monitorest
tor tamor growll rate. Data show one of three sepatale experiments with
similar results.
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citabine-induced apoptosis induction where synergisic effects
were seen in delaying tumor regrowth and curing a proportion of
mice {A. Nowak, B. W. Robinson. and R. Labe, LIBUSCHpL in
preparation). Thus, gemcitabine-induced wmor cell apoptosis
clearly primes host antitumor responses in vivo,

Discussion

Cross-preseniation of peripheral tsaue Ags has been demonstrated
for & wumber of tissues and is thought w he imporant for devel-
opment of tolerance and the induction of immune responses o
tissue Ags (2). Although cross-preseniation of tunwr Aes has been
demonstrated by a number of investigators. there i stll uncer-
taingy regarding the resulting response of timor-speeitic CDS cells
(#). The CDS8 response is likely to be mituenced by the viability of
the tumor cell containing the cross-proseniod Ag, but it remains
uncertain whether the cetlulur source of cross-presented Ags in
viva is live or dead cells (1). Becausw phugoaytosis ot cells dying
by apoprosis in vivo is exceptionally cHicient. it has been theorized
that wmor cell apoprosis could result tn Ay sequestrasion (29) and
that when that precess is overwhelmed or fails, the host would
respond by tolerance induction (2, 300, This sequence of events iy
integral to the “danger theory™ which proposes that only necrolic
cell death, particulmly when associaed wul cellular stress, should
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lead o the induction of immune responses of the sort likely to
destroy lissue, e.g., antitmor responses {31). However, it has been
propused that when massive apoptosis occurs, the normally effi-
cienl phagocytic system is overwhelmed, resulting in secondary
necrosis in vivo, release of proinflammatory mediators, and an
INCTemse in crass-presemation (307,

Buecatse uniil aow it has not been possible to accurately analyze
w vivo specific wmor Ag cross-presentation and tolerance induc-
ton following in vivo apoptosis, we established a transfection-
transgenic model of timor immunity in which each of those pro-
cesses could be analyzed. The transfected marker Ag enabled
wrnor-specific responses 1o he swdied in vivo, and the availability
ol ransgenie mice with large numbers of T cells expressing TCRs
witl specificity for that Ap enabied the level, location, and kinetics
al Ag cross-presentution o be evajuated in vivo. Importantly, the
WMOT WS Sefisitive 1o vivo apoposis induction by gemcitabine
ae doses that did not sigeificanty otherwise alter the key immu-
nological events being studied. The daca clearly demonstrate that
apoptotic wmer cells are not sequestered from cross-presentation
pathways and that timor-specific CD8 cells which respend to
cross-presented tumor Ags from apoplotic cells are not deleted and
are primed rather than tolerized in the process.

Tumor-derived Ag reguives host APCs for preseatation to host
COX cells. ity cross-presented

‘The requirersent for host APCs demnonstrated by the bone mammow
chimere experiments conlirms that the tumor Ag (HA) is cross-
presented rather than directly presented by the tumor cells in the
DELN. This s consistent with the lack of any evidence that this
wmor metastasizes 0 LN (32). This cross-presentation of tumeor
Ag in DLN is cllivient and tumor Ag cross-presenialion is seen
throughout the peviod of wmor growth, ie., is constitutive (26).
This paralicls observations in normal rats where apoptotic bodies
hisve been demonstraied (0 be constitutively present in APCs
draining the normal gut, implying continuous sampling of apopto-
tic gut epitheliad ceils (33).

The only cellular source of the cross-presented Ag in our ex-
periments was the wimor cell, although it was impossible to know
whether the cells that donated umar Ag were alive, apoplotic, or
nesratic. The later was undikely as staining of tissuc sections dem-
anstrated no evidence of either wmor necrosis or the inflammation
usually asseciored with necrosis ia these tumors with or without
gemeitabine therupy. Therefose. the source of cross-presented Ag
was likely to be either apoptotic or live cells. As it is technically
not possible (e precisely identify which type of cell delivers tumor
Ags far cross-presentation in vivo, we chose the strategy of in-
ducing a large shilt in the balance of live to apoptotie tumor cells
in vive by inducmg substaial apoprosis pharmacologically, then
determined how this alfected cross-presemtation and T cell
FESPONSes.

Ay fromr apopredic rissie is not sequestered from the
CrOSS-Presemtation paivay

As expected, in our experiments gemeitabine induced wimor cell
apopiosis in vitre and caused shrinkage of wmor in vivo (20, 22).
This was dependent upon the continued presence of the drug, as
cessation of gemcitabine adininistration was associated with rapid
outgronth of the rwemaining tumor cells within 1 wk, mimicking
clinicd experience with noncurative cytotoxic  chemotherapy.
With the induction of nwssive timor cell apoptosis, which reduced
wmor velume by --80% . no reduction in (umor Ag cross-presen-
tation was scen. indved. when corrected for tumor size and hence
peripheral wmer Ag load, cross-presentation of tumer Ag approx-
imately doubled. This supports the view that apoptotic cells are
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cificiently cross-presented. 1f five cells were the only sousce of
such Ags, cross-presemation shounld have declined Tollowing this
large shift from live o apaptotic cefls in vivo. Furthermore, out
observation that the gemeitabine-treated drug-reststant line did not
exhibit the same increase in Wmer Ag cross-preseniation con-
firmed that the results were due to the induciion of twmor celt death
and not due to any nonspeciific augmentung ollects of the drug itself
an the cross-presenting functions ol APC-

CD8 cells specific for cross-presenied Ags from apopioiic fumor
cells are nor deleted

Cross-presentation has been reported as i miechanism of induction
of tolerance by deletion of specific CIX T eells. a process known
as “'cross-tolerance,” and, imponantly. this has heen described for
the Ag used in cur swdies (HA). Tas-H.A mice expressing the HA
on the pancreatic istets do not develop insulitis. In this system,
cross-presentation of islet HA vecurs and 15 Toftowed by rapid
activation and defetion of CD8 7 T ealls (34). Deletional wolerance
has also been demonstrated following cross-presentation of sell
Ags [rom the pancreas of mice cxpressing the model sutcantigen
OV A in this site {35). Tolerization by CT%  deletion has also beca
demonstrated in the thymus (36). Iz catrast. our data do not dem-
onstrate any decrease in numbers of HA-specific CDB Y cells fol-
lowing the increase in cross-presentation mediated by gemeilab-
ine-induced apoplosis. Indeed, numbars of tumor-specitic CII8 T
cells within twmors increased up to 3 wk after induction of apo-
plosis commenced. This strongly supgesis that cross-prosestation
of Ags from apoptotic cells is not a deletional event

CDE cells specific for cross-presemied Agy frour apopiotic funor
cells are not functionally tolerized

Sherman and cowarkers (34) showed. using HA-speciiic T cells in
the nontwmor INS-HA wansgenic madel where HA is expressed in
the pancreas, that wlerance in the 18 compurtment oveurred as a
consequence of cross-presentation and was dose-dependent {344
Apeptosis of pancreatic islet cells has also been demonstrated to
induce tolerance in vivo (173, Therefore. o s crucial to understand
the fate of CD8 cells that respond o cross- presented wemor Ags in
vivo because il provides essentiad inforniion for planning tumaor
immunotherapy stucies. If apoptotie vells nduce tolerunee, then
any increased load of apoptotic cells that cusued from admisistra-
tion of a cytotoxic agent like gemuitabine might be expected w
provide strong tolerogenic signals. sendering smmuanotherapeutic
stezlegies useless.

Our demonstration that an HA-expressing wimar induges effec-
tor CTL by day 10 and thit progressive wmor gronth, widh its
increased toad of cross-presented wmor Ags, does not substan-
tially reduce the levet of CTL activity supparts the view that grow-
ing solid tumors are not twlerogenic o COY cells por se. This is
supported by our previous studics using OV A as the modet wmor
Ag in CS7T/BL6 mice where no tlecamee of tumer-specific CID8
cells was observed over 4 wk of wmor growth (3731, This effect
contrasts to the outcome that occurs Tollow ing the in vitro loading
of DCs with tumor Ags, where tolerunce in the (18 compartmens
has been observed., a Process lhoughi 1o be Jdue W combination of
maturational block, suppression of respansiveness, and the induc-
tion of suppressive molecules suck as H- 10, transforming growih
factor B, and PGE (7}

Overall, our data do not support u view that the axdoction of
Wwmor apoptosis in vivo wlerizes the mor-specitic CX response.
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Ags from apopiote oy cefls eross-prime specific CD8
Fesponses

It CDS T eell activation was an automatic resalt of increased Ag
cross-presentation then the imduction of apaptosis in vivo by che-
motherapy drugs like gemeitabine would be expected 10 induce
soime level of nnamunity. Fog example, one might expect prolonged
recurrence-Tree intervals following chemotherapy and the detec-
tion of new delayed-type hypersensitivity skin test reactivities to
wmors. This is not the usual clinteal experience as most advanced
eaneers recur soon ik cassation of chemotherapy. Clearly, in our
experiments, while there i increased Ag cross-presentation and
CDS oterance was not induced, W was important (¢ determine
whether upoptosis induction wus a “nall event™ or in some way
primed the host antitunien CD8 response. Our observation that
apaptotic cell death primed CDS 1 cells for an increased prolifer-
ative response 1o HA peptide is further supported by the demon-
stration that postapaptosis adiministration of tumor Ag-containing
virus markedly <lowed wmor growth, These data are consistent
with the sotion that the cross-presemation of tumor Ags from apo-
ptosing wnor celfs is not in fact a null event but provides a level
of priming. This 1s conlirmed hy the demonstration of increased
tumor-specific CD8 responses in vivo following apoptosis indue-
ton. His alzo consistent with the observation that mice exhibiting
complete fegressions Jotlowing gemeitabine therapy alone (~2%
of treated animals) were immune o rechallenge (data not shown)
and, indirectly. by the denmonstration of increased numbers of tu-
mor-inSlrating lymphocytes following apoptosis induction. 1t is
possible thae this priming is ooly apparent, and is simply a reflec-
tion ol the increased Ag dose delivered o the DILN following
apaptusis induetion, but in other expeniments increased dose alone
has pot been enough w prime host CD8 cells (37). It is more likely
that the induction of apoptosis altered the context in which the
tumor Ag was delivered. There sre two min candidate mecha-
nisens for this. First, chemaotherapeutic agems can inerease the
level ol some stress proweins expressed by cells (38), and these
proteins are capable of stmulaing host antitumor responses that
may be sufficient w induce CDE responses 1o the cross-presented
lmor Ag (39). Secoad. the increased phagoeytosis of apoptotic
tumur cells by tumor-asseciated macrophages, one of the main
seurees of the proinflammatory cytokines that underlie the “cancer
syndrorse” of weight loss, anorexia, and lethargy, may avgment
the releuse of these promnflummatery cytokines and thus increase
the responsiveness of APCs to cross-presented tumor Ags (440).

Considered together, our findings show that tamor Ags from
apoptotic eells. when cross-presented to host CD8 cells, do not
induce wicranee in these C8 cells as oceurs with in vitro-cultured
DCs (6. nomohese diabetic mice with apoptotic pancreatic 3 cells
(173, and class 1-positive B cell tumors (41), and that a level of
CD& priming results.

Imiplicuiions for armor therapy

There have been few studics combining apeptosis-inducing che-
motherapy and immunotherapy in cancer, presumably because it
has peen assumad that chemotherapy is so immunosuppressive that
it would negate apy poteatial benefits from immonotherapy (42).

Simultancous administration of immunotherapy agents which
prime DCs. such as IEN rc and TNE-w, has been used with che-
motherapy (43-463 Although this has some scientific logic, par-
tcularty in stimulating the capacity of the DCs cross-presenting
the increased Ay toad o promote CDS differentiation, these com-
bigations have otlen proven to be toxic. Previously published lit-
erature in this area have been limited for variely of reasons, such
as an isability w study specific antitumor reactivity due to a lack

of defined tumor Ags and limitations i assays available for anat-
ysis of CDE function in vivo. One of the most widely studied
agents 1s cyclophosphamide, which cun prime CD8 responses via
a process thouglt to include suppression of wgulmory 1 cells (47).
It is important o make it clear that gemvitabine is not simply
acting in a simitar way—if that were wo. <imilar results would of
course have been seen when gemcitibine was administered w0
gemeitabine-resistant wmors. although of course we cannot com-
pletely exclude a contributory effect of gemoitubine-induced
changes in lymphocyte numbers or function in these studies.

Chemotherapy-induced apopiatic destructuon of tumor cells ex-
poses the host inumune system to luge aroonts ol wmor Ag.
Although this is not enough alone o initiste o powerlul antitwmor
response i does prime the bost immune system for adjuvant™
immunotherapy. In this sty it was noteworthy tha - [0% of
animals whaose established tumors sepressed following gemcitab-
ine plus influenza vaccination showed no evidence of recurrence
up to 6 mo following therapy. ie.. were “cured,” a phenomeson
rarely seen with the tumor used in this ~wudy o with other ageres-
sive solid tumors. This has several implications for planning twmor
immunotherapy trials. First, # suggests that the fevel of cross-
presented tumor Ag from established tamors 18 ot timiting. There-
fore, therapy in such sitwations is beuer aimed at boosting re-
sponses to endogenous cross-presented timor Ay rather than
delivering extra Ag. Sceond., as drug therupy prowecol- using apo-
ptosis-inducing agents like gemcitabine cun prime anuumer im-
mune responses, combining this therapy with immunotherapy 1s
logical. Third, as postchemotherapy delivery ol fmmunostimula-
tion was more effective rather than pretreatment. the trung of such
immunotherapy may be critical.

As not all chemotherapy induces apoptosis, not all druags act by
the same mechanisms, and individush wmors can express different
mechanisms of resistance to apoptosis X -50) we cant con-
clude that all agents would have this immune priming efleet. Thug
this study, which provides undersianding of the hose T cell re-
sponses to specific wmor Ags following chemotherapy . is a foun-
dation for deciding which immunotherapeutic appreaches may en-
able the immune systen to mount o suoeng anlitumar response (©
chemotherapy-induced tumor lysis.
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ATCC® Number:
Designations:
Depositors:
Biosalety Level:
Shipped:

Medium & Serum:
Growth Properties:

Organism:

Morphology:

Source:

Permits/Forms:

Applications:

Antigen Expression:
Cylogenetic
Analysis:

Comments:

Propagation:

TIB-39™  { Order this Item ) Price:
EL4
M Cohn
1
frozen

See Propagation

suspension

Mus musculus (mouse)
[ymphoblast

i

Disease: lymphoma
Strain: C57BL/6N

Cell Type: T lymphocyte;

In addition to the MTA mentioned above, other ATCC and o

regulalory permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please ¢lick

shipment to your location.

translection host (Nucleofection technology from Lonza
Roche Translection Reagents)

H-2b; Thy-1.2

modal number = 39

EL4 was established from a lymphoma induced in a C57BL
mouse by 9,10-dimethyl-1,2-benzanthracene. [22448]

The cells are resistant to 0.1 mM cortisol and sensitive (o 20
mcg/ml PHA.

A subline (ELA.IL-2, ATCC TIB-181) that produces high
levels of interleukin-2 (IL-2, interleukin 2) is available.
Tested and found negative for ectromelia virus (mousepox).

ATCC complete growth medium: The base medium for this

cell line is ATCC-formulated Dulbecco's Modified Eagle's

Medium, Catalog No. 30-2002. To make the complete growth

medium, add the following components to the base medium:
horse serum to a final concentration of 10%.
Temperature: 37.0°C
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Subculturing:

Preservation:

Related Products:

References:

11-08-29 1:58 PM

Medium Renewal: Every 2 to 3 days
Cultures can be maintained by addition or replacement of {resh

medium. Start cultures at 2 X 10 exp5 cells/ml and maintain BioStandards
between | X 10 exp5 and 1 X 10 exp6 cells/ml.

culture medium 95%; DMSO, 5% Biolovicul
Recommended medium (without the additional supplements or Relerence

serum described under ATCC Medium):ATCC 30-2002 Materia) and

derivative:ATCC CRL.-2113 Consensus

derivative:ATCC TIB-181 Standards for

derivative:ATCC TIB-40 the life
science

1104: Ralph P. Retention of lymphocyte characteristics by
myelomas and theta+-lymphomas: sensitivity to cortisol and
phytohemagglutinin. J. Immunol. 110: 1470-1475, 1973.
PubMed: 4541304

22422: Old 1], et al. The G (Gross) leukemia antigen. Cancer
Res. 25: 813-819, 1965. PubMed: 4284252

22448: Gorer PA. Studies in antibody response of mice (o
tumour inoculation. Br. J. Cancer 4: 372-379, 1950. PubMcd:
14801344

22523: Herberman RB. Serological analysis of cell surface
antigens of tumors induced by murine leukemia virus. J. Natl.
Cancer Inst. 48: 265-271, 1972. PubMed: 4119883

22528: Ralph P, Nakoinz I. Inhibitory effects of lectins and
lymphocyle mitogens on murine lymphomas and myclomas. J.
Natl. Cancer Inst. 51: 883-890, 1973. PubMed: 4542714
23443: Shevach EM, et al. Immunoglobulin and theta-bearing
murine leukemias and lymphomas. J. Immunol. 108: 1146-
1151, 1972. PubMed: 4112916

32256: Aparicio CL, et al. Correction for label leakage in
fluorimetric assays of cell adhesion. BioTechniques 23: 1056-
1060, 1997. PubMed: 9421636

32286: Cuthbert JA, Lipsky PE. Regulation of proliferation
and Ras localization in transformed cells by products of
mevalonate metabolism. Cancer Res. 57: 3498-3504, 1997,
PubMed: 9270019

® COmInunily

Return to Top

Page 2 of 2



Untitled

Cell Biology

ATCC® Number:
Designations:
Depositors:
Biosalety Level:
Shipped:

Medium & Serum:

Growth Propertics:
Organism:

Morphology:

Source:

Permits/Forms:

Applications:

Tumorigenic:
Antigen Expression:

DNA Profile (STR):

CRL-1435™  (Order this Item | Price:
PC-3
ME Kaighn
1
frozen

See Propagation
adherent (The cells form clusters in soft agar and can be
adapted to suspension growth)

Homo sapiens (human)
epithelial

e,

ol
Organ: prostate

Tumor Stage: grade IV

Disease: adenocarcinoma

Derived from metastatic site: bone

In addition to the MTA mentioned above, other ATCC and’vr
regulatory permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is

here for information regarding the specific requirements for
shipment to your location.

transfection host (Nucleofection technology from Lonza

Roche Transfection Reagents)
Yes

HLA Al, A9

Amelogenin: X
CSFIPO: 11
DI13S317: 11
D16S8539: 11
D5S818: 13
D78820: 8,11
THOLI: 6,7
TPOX: 8,9
vWA: 17
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Cytlogenelic
Analysis:

Age:
Gender:
Ethnicity:

Comments:

Propagation:

Subculturing:

Preservation:

The line is near-triploid with a modal number of 62
chromosomes. There are nearly 20 marker chromosomes
commonly found in each cell; and normal N2, N3, N4, N5,
N12, and N15 are not found. No normal Y chromosomes could
be detected by Q-band analysis.

62 years adult

male

Caucasian

The PC-3 was initiated from a bone metastasis of a grade IV
prostatic adenocarcinoma from a 62-year-old male Caucasian.
[22363]

The ccells exhibit low acid phosphatase and testosterone-5-
alpha reductase activities.

ATCC complete growth medium: The base medium for this
cell line is ATCC-formulated F-12K Medium, Catalog No. 30-
2004. To make the complete growth medium, add the
following components to the base medium: fetal bovine serum
to a [inal concentration of 10%.

Atmosphere: air, 95%; carbon dioxide (CO2), 5%
Temperature: 37.0°C

Protocol:

I. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin-
(.53 mM EDTA solution to remove all traces of serum
that contains trypsin inhibitor.

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask
and observe cells under an inverted microscope until cell
layer is dispersed (usually within 5 to 15 minutes).

Note: To avoid clumping do not agitate the cells by
hitting or shaking the flask while waiting for the cells (o
detach. Cells that are difficult to detach may be placed at
37°C to facilitate dispersal.

4. Add 6.0 to 8.0 ml of complete growth medium and
aspirate cells by gently pipetting.

5. Add appropriate aliquots of the cell suspension (o new
culture vessels,

6. Incubate cultures at 37°C.

Subcultivation Ratio: A subcultivation ratio of 1:3 to 1:6 is
recommended
Medium Renewal: 2 to 3 times per week

Freeze medium: Complete growth medium supplemented
with 5% (v/v) DMSO
Storage temperature: liquid nitrogen vapor phase

11-08-251:51PM
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Related Products:

References:

Recommended medium (without the additional supplements or
serum described under ATCC Medium ):ATCC 30-2004
recommended serum:ATCC 30-2020
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cancer cell lines, PC-3 and PPC-1. Cytogenet. Cell Genel. 62:
183-184, 1993. PubMed: 8428522

26302: Ohnuki Y, et al. Chromosomal analysis of human
prostatic adenocarcinoma cell lines. Cancer Res. 40: 524-534,
1980. PubMed: 7471073

32341: Sheng S, et al. Maspin acts at the cell membrane (0
inhibit invasion and motility of mammary and prostatic cancer
cells. Proc. Natl. Acad. Sci. USA 93: 11669-11674, 1996.
PubMed: 8876194

32344: Umekita Y, et al. Human prostate tumor growth in
athymic mice: inhibition by androgens and stimulation by
finasteride. Proc. Natl. Acad. Sci. USA 93: 11802-11807,
1996. PubMed: 8876218

32460: Carter RE, et al. Prostate-specific membrane antigen is
a hydrolase with substrate and pharmacologic characteristics
of a neuropeptidase. Proc. Natl. Acad. Sci. USA 93; 749-753,
1996. PubMed: 8570628

32486: Nupponen NN, et al. Genetic alterations in prostate
cancer cell lines detected by comparative genomic
hybridization. Cancer Genet. Cytogenet. 101: 53-57, 1998.
PubMed: 9460501

32488: Geiger T, et al. Antitumor activity of a PKC-alpha
antisense oligonucleotide in combination with standard
chemotherapeutic agents against various human tumors
transplanted into nude mice. Anticancer Drug Des. 13: 35-45,
1998. PubMed: 9474241

32916: SuZZ, et al. Surface-epitope masking and expression
cloning identifies the human prostate carcinoma tumor antigen
genc PCTA-1 a member of the galectin gene family. Proc.
Natl. Acad. Sci. USA 93: 7252-7257, 1996. PubMed: 8OY2VT7Y

11-08-25 1:51 PM

Return 10 Top

Page 3 of 3



Immunology and Cell Biology (2000) 78, 110-117

Research Article

Characterization of the ovalbumin-specific TCR transgenic line
OT-I. MHC elements for positive and negative selection

SALLY RMcK CLARKE,"?" MEGAN BARNDEN,*" CHRISTIAN KURTS,!
FRANCIS R CARBONE,? JACQUES FAP MILLER' and WILLIAM R HEATH!

Immunology Division, The Walter and Eliza Hall Institute of Medical Research, Melbourne, 3Department of
Pathology and Immunology, Monash Medical School, Prahran, Victoria, and *The Cooperative Research Centre for
Vaccine Technology, Queensland Institute of Medical Research, Herston, Queensland, Australia

Summary The present report provides the first extensive characterization of the OT-1 TCR transgenic line, which
produces MHC class I-restricted, ovalbumin-specific, CD8" T cells (OT-1 cells). These cells are shown to be
positively selected in vivo in H-2" C57BL/6 mice and in bm5 mice, which express the K™ mutant molecule. In
contrast, OT-1 cells were not selected by mutant K® molecules in bm|1 , bm3, bm8, bm10, bm!1 or bm23 mice. Inter-
estingly, however, when positive selection was examined in vitro in foetal thymic organ culture (FTOC), bm! and
bm8 were still poorly selective, but the bm3 haplotype now selected as efficiently as B6. The ability to select in
vitro correlated with the capacity to present the ovalbumin (OVA) peptide to OT-1 cells, as measured by induction
of an OVA-specific proliferative response. These results suggest that a lower affinity TCR:MHC interaction may
be necessary for positive selection in FTOC compared with selection in situ.

Key words: CD8" T lymphocyte, cytotoxic T lymphocyte, ovalbumin, thymus, transgenic T cell receptor.

Introduction

The frequency of T cells specific for nominal protein anti-
gens is extremely low. This means that it is very difficult to
follow the fate of antigen-specific T cells during immune
responses, although this has been achieved.'? To better under-
stand the mechanisms involved in both thymic maturation
and antigenic stimulation, several laboratories have produced
transgenic mice expressing a single T cell receptor speci-
ficity. We chose to generate an MHC class [-restricted TCR
transgenic line specific for ovalbumin (OVA), because this is
a highly manipulable antigen and there is a large body of
information describing various types of immune responses to
it. These OT-1 mice have been briefly described previously.’
In the present report, we further characterize the CD8" T cells
produced.

Foetal thymic organ culture (FTOC) has been used to study
many aspects of thymocyte development, including the role of
peptides in the selection of T cells from TCR transgenic
mice.”” These studies support the idea that the affinity of the
MHC + peptide/TCR interaction determines whether a T cell
is positively selected. They also support the notion that the
overall avidity of the interaction between specific peptide-
bearing MHC molecules, the TCR and coreceptor molecules
(CD4/CD8) regulates T cell selection. Foetal thymic organ
culture has been assumed to closely mimic in vivo conditions

Correspondence: William R Heath, Immunology Division, The
Waller and Eliza Hall [nstitute, Post Office The Royal Melbourne
Hospital, Melbourne, Vic. 3050, Australia.

Email: Heath@wehi.edu.au
*The first two authors contributed equally to this work.
Received 13 August 1999; accepted 19 October 1999,

for the development of T cells, In the present report, we
compare the MHC requirements for selection of CD8* T cells
in vivo with those required in FTOC. Our results indicate that
MHC haplotypes incapable of selecting in vivo may select in
FTOC. The basis of this phenomenon is examined.

Materials and Methods
Mice

All mice, including C57BL/6 (B6), B10.BR, BALB/c, bm1, bm3,
bms, bm8, bml0, bml1 and bm23, were bred at The Walter and
Eliza Hall Institute. The generation of the OVA-specific TCR trans-
genic line (OT-I) has been previously described.’ These mice were
originally called OVA-tcr-I, but for brevity we have changed this to
OT-1. The TCR transgenes were derived from the CD8* OVA-specific
T cell clone 149.42, which expresses the V,2 and V(5 variable
regions of the TCR.*

Flow cytometry

Analysis by flow cytometry was performed on a FACScan (Becton-
Dickinson, Mountainview, CA, USA). Cells were stained with
monoclonal antibodies as previously described.” Fluorescein
isothiocyanate (FITC)-conjugated anti-CDS8, phycoerythrin (PE)-
conjugated anti-CD4, Streptavidin-PE and Streptavidin-TRICOLOR
were purchased from Caltag Laboratories, Burlingame, CA, USA
and biotin-conjugated anti-V 2 was made from the B20.1
hybridoma.

Proliferative responses

Proliferative responses were performed as previously described.!
Briefly, lymph nodes from OT-I mice were removed and single cell
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suspensions prepared and washed three times. Spleen cells from B6
mice were irradiated for 1500 cGy and then coated at 5 x 107/mL
with various concentrations of OVA,,. , . peptide for | h at 37°C,
Cells were washed three times and added to wells of a 96-well flat-
bottem plate at § x 10° cells/well in 100 uL RPMI-1640 containing
10% FCS, 2-mercaptoethanol and antibiotics (RF10). Various
numbers of OT-1 lymph node cells were then added to each stimula-
tor well in 100 uL. RF10 and cultured for 3 days at 37°C in 5% Co,.
The concentration of OT.1 cells within the lymph node population
was determined by flow cytometric staining for CD8 and v,2.
During the last 8 h of culture, the cells were pulsed with 37 kBq
[*H}-thymidine.

Foetal thymus organ culture

OT-I mice were bred onto bm1, bm3 and bm§ background animals
to generate offspring with the appropriate MHC class I elements.
Foetal thymic organ culiures were performed as previously
described.*!! Briefly, foctal thymuses were explanted from 15-day-
old embryos, trimmed of extraneous connective tissue and groups of
39 lobes maintained in culture for 7 days at 37°C in 6.5% CO, on
nitrocellulose filters on gelfoam sponges soaked in RF10,

Cytoroxic T cell assay

Bulk cuttures and the [*'Cr]-release assay were performed essentially
as previously described." Briefly, for in vitro restimulation of OT-I
cells in bulk cultures, 107 OT-I spleen cells were mixed with 108
OVA,., 5, peptide-coated B6 spleen cells in 30 mL RF10. After 5
days, effectors were collected and concentrated in 1.5 mL for use in
the [*'Cri-release assay. For measurement of cytotaxicity, cultured
effectors or spleen cells taken directly from OT-[ mice were resus-
pended in 1.5 mL RF10 and then titrated in three-fold dilutions.

Relative cell number

V2

Figure 1 Expression of V 2 by CDS cells from the selecting
haplotype H-2* and the non-selecting haplatype H-2""', Lymph
node cells from OT-1 mice crossed to the (a) H-2¢ or (b) H-2om!
haplotypes were examined by flow cytometry for expression of
CD8 and V2. (c) H-2* (——) and H-2b7! (-~ -} profiles were
gated on CDB" cells and V_2 expression examined.

Effectors (100 pL) were mixed with 100 uL ['Cr]-labelled target
cells for 4 h at 37°C and then 100 pL of supernatant was collected to
determine the percentage specific lysis.

Results

Primary characterization of OVA-specific class I-
restricted TCR transgenic mice

Generation of the class [-restricted OVA-specific TCR trans-
genic line OT-1 has been briefly described previously.* After
screening of several potential founder mice, line 243-2 was
chosen because of its extensive expression of V 2 (Fig. 1a,c)
and V5 (data not shown) by CD8" T cells. This line was
termed ‘OT-I" for OVA-specific, class /-restricted TCR trans-
genic. Quantification of the number of CD4* and CD8* cells
indicated that transgenic mice possessed a total number of
T cells similar to that of non-transgenic littermates, but that
transgenic cells were strongly skewed towards the CD§*
subset (Fig. 2).

To ensure that cells from the OT-l line were able to
respond to OVA, lymph node cells were cultured in vitre with
irradiated syngeneic spleen cells coated with various con-
centrations of the K¥-restricted OVA,, . peptide and prolif-
eration was assessed on day 3 (Fig. 3). This revealed that OT-I
T cells made a vigorous response to OVA,,, ... peptide. When
analysed for cytotoxicity, unprimed (resting) lymphocytes
from the spleen of OT-1 mice did not kill specific target cells
(Fig. 4a), whereas cells stimulated for 5 days ir vifro with
antigen were cytotoxic (Fig. 4b),

The expression of CD4, CD8 and V 2 by OT-I thymocytes
is shown in Fig. 5a,c. Consistent with the peripheral skewing
of T cells towards the CD8* population, a large proportion
(13%) of OT-I thymocytes were CD4°8*. OT-I thymi also

'70[
60-— T -l-

50

40 -

30

Cell number {x1075)

20

10 -

0

oT-I Littermate

Figure 2 T cell enumeration in OT-I transgenic mice. Lymph
node cells and spleen cells from 9-week-old transgenic mice and
littermate controls were counted and then analysed for CD4 and
CD8 expression by flow cytometry. This allowed enumeration of
CD8" T cells (M), CD4* T cells (E) and total T cells ().
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Figure 3 Proliferative response of OT-l lymph node cells to
syngeneic spleen ceils coated with various concentrations of oval-
bumin (OVA),,, ... peptide. Irradiated B6 spleen cells
{5 % 107/mL) were coated with 0 (=A ), 0.5 (— @ -), 5 (&),
50 (&), 500 (-1} or 5000 () ng/mL OVA . peptide for
I h at 37°C. After extensive washing, these cells were cultured
with various numbers of OT-I lymph node cells for 3 days and
proliferation assessed by [*H}-thymidine incorporation.
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Figure 4 Cytotoxicity of OT-I cells before and after in virnre
activation. Spleen cells from OT-I mice were measured for cyto-
toxicity either (a) when directly taken from mice or (b) after
5 days restimulation in vitro. Cytotoxicty was measured against
EL4 fargets alene (O) or after coating with ovalbumin
(OVA),,, ., peptide (@).

contained a significant proportion of cells that were
CD4riebCDgimermediae. These are primarily precursors of mature
CD8* cells, because intrathymic transfer of such cells into
normal B6 mice produced predominantly CD4-8* cells.” Of
note, OT-1 thymocyte counts were 33 + 8% of aged-matched,
non-transgenic thymi.

To examine whether endogenous rearrangement of o
chains might be responsible for some part of the thymic
profile, OT-I mice were crossed onto a recombination
activating gene (RAG)-1-deficient background and their
thymocyte profiles compared to RAG-1-sufficient mice
{compare Fig. 6a with Fig. 5a). Lack of RAG-t expression

CD4

Relative cell number

V2

Figure 5 Expression of CD4, CD8 and V_2 by OT-I thymocytes
from H-2"° (B6) and H-2°' (bm1) mice. (a,c) B6 thymocytes and
(b,d) bm1! thymocytes were analysed for expression of (a,b) CD4
versus CD8 and (¢, d) V 2.

CD4

Relative cell number

V2

Figure 6 Expression of CD4, CD8 and V 2 by RAG-1-
deficient OT-I thymocytes from H-2® (B6) and H-2*"' (bm1)
mice. (a,¢) B6 thymocytes and (b,d) bm1 thymocytes were
analysed for expression of (a,b) CD4 versus CD8 and (c,d)
V,2.

barely altered the thymic profile, although there was a slight
reduction in the proportion of cells expressing CD4 and the
lowest level of CD8. These probably represent those few cells
that rearranged endogenous ¢ chains and were then selected
on class II.

The effect of RAG-1 deficiency on the peripheral lym-
phocyte pool in OT-I1 mice is shown in Fig. 7. On a selecting
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Figure 7 Expression of CD§ and V 2 by RAG-1-deficient cells
from the selecting haplotype H-2° and the non-selecting haplo-
type H-2""'_ {a,b) Splecn and (c,d) lymph node cells from RAG-
I-deficient OT-I mice crossed to the (a,e} H-2" or (b,d) H-2on
haplotypes were examined by flow cytometry for expression of
CD8 and V 2.

haplotype, 97% of lymph node cells were now CD8*V_2*
OVA-specific cells. In the spleen, 24% of cells expressed this
phenotype. [nterestingly, there was still a small popuiation of
CD8V 2* cells and 50% of these cells expressed CD4 (data
not shown). One unusual finding was that the total number of
T cells present in the peripheral immune system of RAG-1-
deficient OT-1 mice was only about half that found in RAG-
1-sufficient mice (data not shown). This may relate to a lack
of memory cells, which have been proposed to represent
about half of the T cell pool,"*

Response to presentation of ovalbumin by H-2K* mutant
strains

To determine the antigen specificity of the TCR of OT-I mice,
the capacity of the CD&" OT-1 cells to proliferate in response
to various H-2K" mutant strains of stimulator cells presenting
the OVA , . . peptide was examined, These mutants possess
defined mutations in the K® motecule, which allow definition
of those residues contributing to antigen presentation.'* H-2%
(B10.BR) and H-2¢ (BALB/¢) strains were also examined for
presenting capacity. To prevent the cells from the responder
popuiation presenting this peptide, stimulator cells were
coated with peptide and then washed. Figure 8 shows that K*
{(from B6), K3, K3 Kot and K23 were all capable of
presenting the OVA peptide, whereas K™™', Kbn8 [tmid 1 74
(from BALB/¢) and H-2* (from B10.BR) were not.

Positive selection

The transgenic TCR expressed by OT-I mice is KP-restricted
and has been shown to be selected by K*.? We have reported
that thymic skewing towards the CD8* population was not
evident in the thymus of bm1 mice, which express the mutant

(x10%¢c.p.m.)
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Figure 8 Proliferative response of OT-I cells to ovalbumin
(OVA),,, ., peptide presented by different MHC haplotypes.
Spleen cells from various strains of mice were pulsed with OVA
peptide at different concentrations and then mixed with OT-1 cells
of B6 origin. [*H]-thymidine incorporation was examined on
day 3. (——--), B6; (I, bm1; (=&-), bm3; ({1}, bm5; (-A-),
bm8; (—O-), bmlQ; (—=~), bmll; (-@-) bm23; (—-k--),
BALB/c; (—O--), B10.BR; (®), no stimulators,

K* molecule K™'. We have now examined a large panel of the
K" mutants and other mice (Table 1). In these experiments,
H-2* OT-I mice were first crossed to the strain in question. If
CD8” cells expressing high levels of the transgenic TCR V 2
entered the peripheral lymphoid system as indicated by flow
cytometric analysis, the haplotype was considered not to neg-
atively select this TCR. To examine positive selection, F,
mice were then recrossed to the same mutant K® parent strain
and mice homozygous for the mutant K background were
examined for the production of cells with a high density of
the transgenic TCR. Non-selecting haplotypes produced
similar proportions of CD4* and CD8§" cells and the CD§"
cells expressed a low level of the transgenic o chain. An
example of this is shown in Fig. 1b,c, where bm1 was used to
examine selection. The generation of CD8-V _2* cells and the
low level of V 2 expression on the CD8" cells is indicative of
rearrangement of endogenous o chains that compete with the
transgenic o chain for pairing with the transgenic P
chain.®'$!" Lack of positive sclection of the transgenic TCR
resulted in a thymus size that was similar to that of non-trans-
genic littermates.

Analysis of CD4 and CD8 expression by thymocytes in
non-selecting mice such as bml (Fig. 5b) revealed a profile
similar to that of non-transgenic littermates {data not shown).
These thymii contained mainly double-positive cells, but a
discrete population of CD4 single positive cells was evident,
To confirm that these cells were the result of endogenous
rearrangement, OT-1 mice crossed to a non-selecting binl
background were further crossed to RAG- | -deficient mice, to
prevent endogenous rearrangement. Thymocytes and periph-
eral lymph node cells from these mice were then analysed for
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Table 1 /n vivo selection of OT-I cells in different strains of mice

Mice analysed High TCR V 2

(Positive selection}

Low TCR V 2
(No positive setection)

Homozygous for MHC B6, bm5

bml, bm3, bm§,
bm10, bml1, bm23

High TCR V 2
(No negative selection)

Low TCR V2
{Negative selection)

F, cross with B6 (H-2%) bml, bm3, bmS, bm§,

bml10, bmi1, bm23, Bé

B10.BR (H-2%), BALB/c (H-2%)
B10.S (H-2%)

Positively selecting strains, B6, bms,
Negatively selecting strains, BI0.BR, BALB/c, B10.8.
Non-selecting strains, bml, bm3, bm§, bm10, bm! 1, bm23,

(a) (b}

A_raxaaml 5 4 aaay
"
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(WSTRT |

20+6% Figure 9 Selection of OT-I
T n=5s CD8" cells in foetal thymic organ
culture (FTOC). The FTOC were

CD4

generated from OT- transgenic
mice backcrossed to (a) B6, (b)

g asnpnal s 3 ddsmsl
11 szl

Laaazal
o

bml, (c) bm3 and (d} bm8 strains
of mice. Day 15 foetal thymuses
were cultured for 7 days on nitro-
cellulose filters, Cells isolated
from these cultures were then
examined by flow cytometry for
expression of CD4 and CD8 and
assessed for the proportion of CD8
single positive cells, as shown in
the gated areas. Numbers shown
are the percentage CD8 single
positive cells + the standard devi-
ation of the mean and the number

1611 %
n=22

the expression of CD4, CD8 and V 2 and compared with
similar mice on a selecting B6 background (Fig. 6). The
RAG-1-deficient non-selecting thymi contained few CD4
single positive cells, confirming the idea that these cells were
selected on endogenously rearranged TCR in RAG-1-
sufficient mice. Interestingly, analysis of lymph node popu-
lations of RAG-1-deficient non-selecting bm1 mice revealed
the presence of CD8" cells expressing a high density of the
transgenic o chain (Fig. 7). The total number of CD8" T cells

T T T Ty T™T7TTY

of animals examined (n}. Panel (d)
is taken from Barnden et al."!

produced by bml mice was, however, quite small. In the
experiment shown in Fig. 7, the B6 RAG-1-deficient mouse
had a total of 32 x L0° CD8'V 2° cells, whereas the bml
RAG-1-deficient mouse had 2.6 x 10° of these cells. Inter-
estingly, when the CDR"V 2 ¢ells from the RAG-I-deficient
mice were examined for the expression of CD4, more than
half of these cells on the B6 background were CD4*.
However, there were no CD4" cells on the bm! background
(data not shown).
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CD4

cDs
Figure 10 Negative selection of OT-I by H-2*. The thymocytes
(a,b) and lymph node cells (¢,d) of H-2% or H-2°* OT-I mice were
examined for the expression of either (a,b) CD4 and CD$ or (c,d)
V,2 and CD8.

Positive selection of OT-1 cells in foetal thymus organ
culture

In studies that examined the requirements for selection of OT-
I cells in vitro, FTOC were analysed from OT-1 mice crossed
to either the selecting haplotype H-2* (B6) or non-selecting
haplotypes bml, bm3 and bm8 (Fig. 9). Surprisingly, the
selection of OVA-specific CD8" cells appeared to be more
efficient in FTOC than ir vive. The bml and bm§ FTOC
selected relatively poorly for CD8” cells, although some CD8
single positive mature cells were generated. More impor-
tantly, bm3 now selected as efficiently as B6. One explana-
tion for this finding was the observed up-regulation of TCR
expression on double-positive cells when cultured in FTOC, "
This may increase the overall avidity of interaction between
selecting APC and thymocytes, such that the bm3 molecule is
now able to provide a strong enough signal to positively
select.

Negative selection

Analysis of thymic selection in different strains of mice
revealed negative selection of the transgenic receptor on
some haplotypes (see Table 1). Figure 10 shows the thymic
and peripheral profiles of H-2® versus H-2%* OT-I mice, The
H-2* thymi showed a reduction in the proportion of CD8
single positive cells. They were also smaller than the select-
ing thymus and produced fewer peripheral CD8* cells
expressing the transgenic TCR. In the B10.S and BALB/c
crosses, the peripheral profiles were much the same as those
of the non-selecting haplotypes shown in Fig. 1 (data not
shown). In contrast to the non-selecting haplotypes, however,
this phenotype was generated in the F| generation, indicating
its negatively selecting influence.

Discussion

The OT-I transgenic line is a very powerful tool for analysing
both thymic development and peripheral responses of CD8*
T cellg.>*71H131830 The data outlined in the present report
extensively characterizes this transgenic line and provides
support for several conclusions that have been derived from
other experimental systems. In addition, some interesting
differences between CD8" T cell selection in vive and in
FTOC are highlighted.

Extensive skewing of the OT-I repertoire towards CD8*
cells in the periphery of OT-I mice was observed (Figs 1,2)
and this was reflected in their thymic profile (Fig. 5a). The
requirement for TCR recognition of a class [-restricted
ligand during positive selection was demonstrated by the
failure of OT-1 cells to be positively selected in most bm
mice, which express mutant K® molecules. In fact, other than
B6 (H-2%) mice, only bm5 mice were able to select this
receptor in vive. bm3 is one of the least altered mutants, with
a single amino acid substitution in the floor of the antigen-
binding groove, so it is not surprising that this mutant was
able to select. It is interesting, however, that while bm3,
bml1 and bm23 were able to present the OVA,_, . . peptide
and induce proliferation of mature OT-1 cells, they were
unable to positively select the OT-I receptor. This suggests
that the nature of class [ binding to the antigenic ligand is
different from class 1 binding to the selecting self peptide(s).
The fact that the OVA,,. ,  peptide can be presented by these
mutant class 1 molecules also indicates that it is not TCR
recognition of the MHC molecule surface that prevents OT-
I selection, The three bm mutants, bm3, 11 and 23, each have
two amino acid substitutions, one of which they have in
common {position 77 D—8) and which is associated closely
with the antigen-binding groove. Qur findings suggest that
this amino acid is important for presentation of the
peptide(s) normally responsible for selecting OT-1 cells. The
fact that all except one of the bm mutants failed to select OT-
I cells favours the idea that there are very stringent require-
ments for positive selection and this is likely to relate to a
requirement for selection by a specific peptide or group of
peptides.?®

[n studies designed to address the nature of the select-
ing peptide, we, in association with others,*?® have shown
that there is specificity in the peptide required for positive
selection. These studies used the FTOC system to examine
selection of OT-[ cells in the presence of different peptide
ligands. In the present report, we examined the selection of
OT-1 cells by different K® mutant molecules in vivo and in
FTOC. We attempted to identify a K® mutant that nega-
tively selected the OT-1 TCR in order to isolate the posi-
tively selecting peptide(s). That is, a peptide that induces
negative selection when presented by a mutant K® molecule
may have lower affinity for the TCR when bound to the
wild-type K® molecule and so mediate positive selection.
So far, no negatively selecting K* mutant mice have been
identified.

Because the role of peptide in the selection of CD8* cells
has been examined only under conditions of low MHC
expression, that is, in [2-deficient FTOC or transporter
associated with antigen processing (TAP)-deficient FTOC,
it has become important to confirm these findings with
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more normal levels of MHC expression. For this purpose,
we generated FTOC with OT-I mice crossed to the non-
selecting mutant haplotypes. Our aim was to examine the
types of peptides that could select in these systems. To our
surprise, the level of positive selection was dramatically
increased in FTOC compared with in vivo, particularly with
the bm3 mutant, which yielded essentially the same amount
of positive selection as the wild-type B6 haplotype. It is
unclear why this occurs, but we speculate that this is related
to the avidity of interaction generated in FTOC compared
with what is apparent in a thymus in situ. When thymii are
put into FTOC, there is an up-regulation of TCR molecules
on the unselected population of CD4*8* thymocytes." This
greater level of TCR expression may shift the overall avidity
above the threshold for positive selection. Alternative trivial
possibilities are that one of the peptides present in the FCS
used in FTOC is able to cause selection of OT-I cells on the
bm3 molecule or that FTOC tepresent early ontogenic
selection that is not apparent in the older thymii. The latter
is unlikely because there was little positive selection in the
early neonatal period, at least in the poorly selecting bm8
situation {data not shown).

The fact that bin3 was better than bm8 and bm]1 at pre-
senting OVA peptide to OT-I cells and was also more capable
of selecting OT-I cells in FTOC may be important. This
could simply relate to the MHC surface seen by QT-| cells;
bm3 having a better fit than bm8. Alternatively, it could
relate to some link between the selecting peptide and the
antigenic peptide. Although endogenous peptides unrelated
to the antigenic peptide have been shown to drive OT-1
positive selection,” it is possible that the conformations of
both the antigenic peptide and the selecting peptides are
somehow similar. This may be only slightly altered with bm3
compared to B6.

Finally, it is interesting that OT-1 mice produced a small
subset of CD4* T cells, even when on the RAG-1-deficient
background. The selection of mismatched coreceptor-TCR
pairs has been previously reported for the selection of a
small proportian of CD8" class II-restricted haemagglutinin-
specific T cells in transgenic mice that predominantly
produce CD4" T cells.®! The OT-1 CD4* T cells appear to be
selected at least partly by the K® molecule, because they are
not generated in bml RAG-1-deficient mice. As yet, we have
not crossed the OT-I mice to a class [1-deficient haplotype to
determine whether class II is alse required for selection of
these CD4" T cells.

In summary, OT-1 mice represent a useful transgenic line
for the study of T cell development and function. The
present report provides some basic characterization that will
be of great value for studies in these areas,
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MFG-E8-mediated uptake of apoptotic cells
by APCs links the pro- and antiinflammatory
activities of GM-CSF

Masahisa Jinushi,»2 Yukoh Nakazaki,'? Michael Dougan,’2 Daniel R. Carrasco,23
Martin Mihm,4 and Glenn Dranoff!2

‘Department of Medical Oncology and Cancer Vacclne Center, Dana-Farber Cancer Institute, Boston, Massachusetts, USA.
“Department of Medicine and ‘Department of Pathology, Brigham and Women’s Hospital and Harvard Medical School, Boston, Massachusetis, USA.
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Granulocyte-macrophage colony-stimulating factor (GM-CSF) enhances protection against tumors and infec-
tions, but GM-CSF-deficient mice develop inflammatory disease. Here we show that GM-CSF is required for
the expression of milk fat globule EGF 8 (MFG-E8) in antigen-presenting cells, and that MFG-E8-mediated
uptake of apoptotic cells is a key determinant of GM-CSF-triggered tolerance and immunity. Upon exposure
to apoptotic cells, GM-CSF-deficient antigen-presenting cells (APCs) produce an altered cytokine profile that
results in decreased Tregs and increased Th1 cells, whereas concurrent ablation of IFN-y promotes Th17 cells.
In wild-type mice, MFG-E8 attenuates the vaccination activity of GM-CSF-secreting tumor cells through Treg
induction, whereas a dominant-negative MFG-E8 mutant potentiates GM-CSF-stimulated tumor destruction
through Treg inhibition. These findings clarify the immunoregulatory effects of apoprotic cells and suggest

new therapeutic strategies to modulate CD4* T cell subsets in cancer and autoimmunity.

Introduction
The mixeure of cyrokines produced in the tumor microenviron-
ment plays a decisive role in determining the outcome of the host
antitumor reaction (1), Cveokines released in response to cellu-
lar stress, injury, or intecaon stimulate the restoration of tissue
homeostasis and restricc tumor development and progression.
However, persistent cytokine expression in che setting of unre-
solved intlammacion contributes to dysregulated cell groweh and
apoprtosis and fosters rumor cell invasion and metastasis. This
dual character of host immunity in cancer pathogenesis might
reflect, ar least in parc, the pleiotropy of cytokine activities, with
specitic funcrions dependent upon che particular array of cells and
soluble factors presencin che rcumor microenvironment,
Substandal evidence implicates an importanc role for granulo-
cyte-macrophage colony-stmulating factor (GM-CSF) in antitu-
mor responses. Vaccinadion with irradiated tumor cells engineered
to secrete GM-CSF evokes potent, specific, and long-lasting anti-
tumor immuniry through improved tumor antigen presentation
by dendritic cells and macrophages (2). Early-stage clinical testing
of this immunizaton scrategy revealed che consistent induction
of anritumer cellular and humoral responses effectuating tumor
necrosis in patients with advanced solid and hemacologic malig-
nancies (3). Additional rumor destruction may be accomplished in
combinacion wich antibody blockade of CTL-associated antigen-4
(CTLA-4 (4, 5). Noowithstanding this prorective activity, other
work indicaces thar ronic GM-CSF production by tumor cells may
be associared wirh disease progression and that high levels of the

Nonstandard abbreviations used: CC122, CC chemokine ligand 22; CTTA-4,

CTl-associared s Fle 31 FIea igand; Gase, growth arrest-specitic gene 6;
GM-C5¥ doateamaciophage colonvstinmlating fctor; MFG-ES, milk far
globule EGY 8; TRP-2, ryrosinase related protein 2.
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cytokine may anragonize anticumor cyviotoxicicy (6, 7). Thus, the
overall influence of GM-CSF during tumarigenesis might vary as
a consequence of distinct secretion profiles and addicional facrors
in the microenvironment,

As tumors arise from self, the impact of GM-CSF en host reac-
tions might also involve a contribution of this cytokine to immune
regulation. GM-CSF-deficient mice develop pulmenary alveolar
proteinosis (PAP), a progressive accumulation of surfacranc in lung
air spaces, due to impaired alveolar macrophage differentiation,
which compromises surfactanc clearance and catabolism (8-10).
This pulmonary pathology includes an extensive lymphoid hyper-
plasia circumscribing pulmonary airways and veins and refleces the
absence of local GM-CSF production by rvpe IT pneumocyres (11).

Aged GM-CSF-deficient mice further manifest a SLE-like dis-
order characterized by immune complex deposition m the renal
glomeruli and autoantibodies to double-stranded DNA and
Clq (12). Mice doubly deficienc in GM-CSF and IL-3, a closely
related cytokine that signals through che shared i recepror sub-
unit, similarly display PAP and SLE (12, 13). However, concurrent
ablation of IFN-y in GM-CSF or GNM-CSF/IL-3-deficient mice
results in opportunistic infections and widespread intlammacory
pathology, with acute and chronic granulemarous lesions pres-
ent in multiple organs (12). Older compound eveokine-deficient
animals succumb at high frequency to disseminated mature B
cell lymphomas and diverse solid neoplasms. The prophylac-
tic administration of antibiotics suppresses the inflammatory
pathology and subsequent cumor development, establishing the
interplay of microbial agents and che loss of immune lhomeostasis
as a critical determinant of tumor suscepribility. Together, these
studies reveal a key role for GM-CSF individually and in combina-
tion with IL-3 and [FN-y in maintaining colerance o self antigens
and inhibiting tumer-promoring inflammarion.

GM-CSF-deficient macrophages are impaired in the phago-
cytosisof apoprotic cells (12), a detect char might contribure to loss
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GM-CSF regulates the phagocytosis of apoptetic cells. (A) CFSE-labeled wild-type dying cells treated with dexamethasone (dex), etoposide,
or necrotic cells were added to peritoneal macrophages, and phagoeytosis was quantified by flow cytometry. Numbers refer to the percentage
of cefls within an indicated gate. (B) Purified splenic DCs or Flt3-L~derived bone marrow dendritic cells (BMDCs) were exposed 1o labeled
apoptotic thymocytes, and phagocylesis was measured. (C) Peritoneal macrophages (3 mice per group) were loaded with apoptotic or necrotic
thymocytes, and culture supernatants were measured by ELISA. (D} Peritoneal macrophages (circles, GM-CS F/AL-3/IFN-~deficient; squares,
wild-type) were exposed to apoptotic {filled symbois) or necrotic (open symbols) thymocytes and cocultured with wikd-type Balb/c splenceytes.
Proliferation was determined by *H-thymidine uptake. Results are representative of at least 2 or 3 independent experiments.

of inamune regularion, as this activity normally stimulates anciin-
Flammatory vyrokines and inhibits proinflammatory mediators
(14). Antigen-presenting cells exploir muleiple receptors and secret-
ed proteins to effect the dlearance of dying cells (15). Among these,
oxtdized phosphatidylserine exposed on the surface of apoptotic
cells constituzes a major signal for phagocyte engulfment. Milk fac
globule EGE 8 (MFG-ER), Del-1, and growth arrest-specific gene 6
{GasG) are secreted opsonins chat bind phesphatidylserine and
promate apoproric cell itrgestion chrough engagement of phago-
cvre e i and afis Integrins and Mer receptor tyrosine kinase,
respectively (16-18). Mice deficient in these pathways develop
aucainununity and persistentinflammation (19-21), although the
underlying mechanisms remain to be fully defined.

The uptake of apeprotic cetls by phagocyres may influence CD4-
T cell function. Tn allogeneic bone tnarrew transplantacion, the
intusion of apoptoric ¢ells stimulates the generation of FoxP3-
expressing Tregs through a pachway involving macrophages and
TGF-f} producrion (22). In the aurologous host, the ingestion of
apoproti nentrophils by tissue macrophages suppresses tondc IL-23
secretion aid thereby modulaces Th17 cells as part of a homeo-
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static circuit regulating granulopoiesis (23). Since Treg and Th17
cell developmente from a common CI4 T cell precursor is influ-
enced by TGE-, IL-6, and other inflammatory mediarors (24-26),
the cytokine profile criggered by corpse clearance mighe conerdbure
to CD4* T cell differentiarion.

Here we delineate critical roles for GM-CSE- and MFG-ES-
dependent uptake of apoptotic cells in regularing the balance of
CDA4* T cell subsets in tolerance and tuntor protection.

Results

GM-CSF regulates the phagocytosis of apeptoric eolis. GM-CSF~deficient
peritoneal macrophages manifest the impaired uprake of dexa-
methasone-treated wild-rype apoptotic thvmocvres 112). Similar
defects were found with etoposide-exposed Jurkac T eells and y-irra-
diated splenocytes, bur the uptake of frecze-thavw-induced necrotic
cellswas incact (Figuee 1A and daca nor shown). GM-CSFTL-3- and
GM-CSEAL-3/IFN-y-deficient macrephages displayed comparable
phagocytosis profiles (dara not shown). CD1 le-expressing splenic
dendriric cells were also impaired, although Fled ligand-derived
(Flt3-L-derived) bone marrow dendritic cells efticiently ingesred
Volume 117 Mumber? 1903

Jule 2007



A ., Peritoneal cavit Spleen Liver Lung B . SplenicDCs FH3-L 8MDCs
= i 35 ! 38 i 18] ] s a2 j #7
N |
P i ' i & : =
5 | L L 3 5 2
[1e] % .-:“ b1 J ;
L}I_I " ¥ T T LI..I & T -
S_j = a ! 3 A <] fE - a A1
= | Q = @
| 2 . z
H Iy} - , i o}
0 . 0
a7 P '? m pes n
e 1 108 10F LT T N T T
CD11b (log) €D11e (lug)
C GFP MPG-E8 RGE
£ : 34 ! i 1] ]
2 i 3 W e
2 L - g
= Ly R w5
W, : o ;'i E
W o -
[ : 1z 65 <1
O ! W —
; - E renof
& i . N
: = % 2 soofp
b o el |0 oy
‘ P Bi ) : ﬁ 17 2 ao0p
12 10° 16 1o 0 100 16° 100 ot
CH11b (log) e
= 000k
E WT GM-CSF/IL-3/INF-y &
l AGE + £ gool
o 30 ant-TGFE-g " -
= T MEGEEs D &
£ | antt-TGF- = 0 f"J--i -
&1 ) WT  GM-CSFr  GM-CSE/ Wi GM-OSF. GM-CSF/
I Gre LA L3RRy e LBAENy
Lo MECES gy
1:1 i3 19 11 1:3 18
Ratio of splenocyles to macrophages
Figure 2

GM-CSF regulates MFG-E8-mediated uptake of apoptotic cells. (A) Puritied macrophages were exposed to apoptotic cells ovemnight, and
MFG-E8 expression was determined by flow cytometry. Numbers refer to the percentage of cells within an indicated gate, (B) Purified splenic
dendritic cefls of FIt3-l.—derivad bone marrow dendritic cells were exposed to apoptotic cells overnight and stained for MFG-ES8. (C) Peritoneal
macrophages were engineered to express MFG-E8, the RGE mutant, or GFP and were evaluated for the phagacytosis of labeled apoptotic
thymocytes. (D) Transduced peritoneal macrophages (4 mice per group) were exposed to apoptotic thymocytes, and culture supeinatants were
analyzed by ELISA, (E) Transduced peritoneal macrophages were exposed to apoptotic thymocytes and then cocultured with wild-type Balb/e
splenocytes with (open symbels) or without {filled symbols) neutralizing antibodies to TGF-p. Proliferation was determined by "H-thymidine

uptake. Results are representative of 2 to 4 independent experiments.

apoprotic material {Figure LB). These results are in accord with
avecent report indicating chac Fle3-L-generated dendritic cells
acquire dying cells through a “nibbling” process, in contrast to the
engulfiuent chac is triggered by GM-CSF (27). However, our find-
ings suggest thar GM-CSF may be a more important determinant
of corpse ctearance than Flt3-L under steady-state conditions,
Asexpeceed, wild-rype inacrophages triggered substancial TGE-[3
buc minimal IL- 1, IL-6, FL-12p70, and IL-23p19 in response
to apoptotic cells (14, 23, 28), whereas necrotic cells evoked the
oppesite profile (Figure 1C). In contrast, GM-CSF- {data not
shown}, GM-CSF/TL-3-, and GM-CSF/IL-3/TFN-y-deficient mag-
ropliages produced less TGE-f but more IL-1§3, IL-6, IL-12p70, and
IL-23pl9 after exposure (o apoprotic or necrotic cells. GM-CSF/
FL-3-deficient macrophages generated che highest IL-12p70,
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whereas GM-CSF/IL-3/IFN-y-deficient macrophages generaced
the highest [L-23p19, indicating chat [FN-y also conmributes to
cytokine regulasion. IL-10 and TNF-u producton did nec dif-
fer across the set of mice (dara not shown). While wild-rype and
GM-CSEF/IL-3/TFN-y-deficient macrophages loaded with necrotic
cells stimulated robusc allogencic T celf responses, the ingestion
of apoprotic cells by wild-type phagocvres suppressed proliferative
responses more efficienty chan GM-CSF/TL-3/TEN- -deficient
phagocytes (Figure 1D).

GM-CSF regulates MFG-ES expression. Previous expression pro-
filing experiments revealed thar several gene produces involved
in the phagocytosis of apoproric cells were induced 1 microglia
with GM-CSF but not M-CSF (29). Real-rime PCR analysis of
GM-CSF-deficient periconeal macrophages disclosed minimal
Volume 117
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GM-CSF contributes to Treg homeostasis through MFG-ES, (A) Enginsered peritoneal macrophages were expesed to apoptotic thymocytes
and coculiured with wild-type syngeneic splenocytes, FoxP3-expressing Tregs were assayed by fiow cytometry. Numbers refer 1o the percent-
age of celis within an indicated gate. (B) Blocking antibodies to TGF-fi or MHC class || were added to the cocuiture of apoptotic cell-loaded
macrophages and syngeneic splenocytes, (C) Supematants from macrophages exposed to apoptotic cells were assayed for chemotactic activity
against CD4+CD25+ and CD4:CD25- T cells. Blocking antibodies agalnst CCL22 or control isotype were added as indicated, (D) Splenocytes
were analyzed for CD4, CD25, and FoxP3 expression. Results are representative of 2 to & experiments.

gesting thar peripheral mainrenance rather than production might
be the primary defece. GM-CSE/IL-3/IFN-y-deficient CD4-CD25*
T cells showed weaker suppressor activity compared with wild-
type conerols (Supplemental Figure 5), although additional scud-
ies using purilied FoxP3 cells are vequired to evaluate regulatory
function en an individual cell basis.

GM-CSF regiddates CD4 offector T cell subsets threngh MFG-ES. The
increased preduction of inflammarory cytokines by GM-CSF-
deficient antigen-presenting cells suggested thac CD4* effecror
T «ell subsers mighe be altered. We thus coculeured syngeneic
wild-cype CD3 CD45RA'CDG2Y naive T cells with apoptotic
cell-loaded peritoneal macrophages and analyzed TL-17 and

1906 The fournal of Clinical Investigation
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IFN-y expression by flow cytometry (Figure 3A), Consistent with
the augmented JL-12p70 secretion. GA-CSF/IL-3-deficient mac-
rophages stimulated increased Thi cells. The combination of
augmented IL-23, IL-1B, and IL-6 levels in GM-CSF/TL-3/TFN-y-
deficient macrophages yielded increased Th17 cells. MFG-ES
cransduction of cytokine-deficient macrophages suppressed
CD4 effector cell responses, Comparable lindings were obrained
using Flt3-L-derived bone marrow dendriric cells (Figure 5B).
Expression of the RGE mutanc in wild-tvpe macrophages pro-
moted Th1 cells, whereas cransducrion of TEN-y-delicienr mac-
rophages triggered Th17 cells (Figure 3C). Moreover, splenocytes
stimulated with PMA and {onomyein showed Thi skewing in
Volume 117
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or no changes in the levels of MARCO, CD36, scavenger recep-
tor-A, and the purtacive phosphatidylserine recepror, although
MFG-E8 transcripes were significantly reduced compared wich
wild-rype cells {data ner shown). Flow cytometry confirmed
the marked decrease in MEG-E8 expression in macrophages
isotated from the periconeal cavity, spleen, liver, and lung of
GM-CSF-deficient mice (Figure 24). While MEG-E8 was derected
by immunchisiochemistry in germinal center macrophages and
alveolar macrophages of wild-tvpe mice, consistent with previ-
ousrepores (203, no sraining was found in the spleens or lungs of
GM-CSF-deficienr animals (Figure 3} or in thymic macrophages
from either strain {Supplemental Figure 1; supplemental mate-
rial availabte enline with this article; doi:10.1172/JCI30966DS1).
Splenic dendritic cells and Fle3-T-derived bone marrow dendritic
cells from GM-CSF-deficienc mice also showed reductions in
MFG-E8 compared wirh wild-tvpe levels (Figure 2B), while similar
decreases were observed wich GM-CSF/IL-3 and GM-CSF/IL-3/
IFNy~deficienc antigen-presenting cells {data noc shown), Mod-
est reductions in (wfie, GasG, and Mer were furcher detected (Sup-
plemenral Figure 2}, suggesting that GM-CSF broadly regulates
phasphatidvserine-based uprake of apoptotic cells.

To claify the contribution of MEG-E8 deficiency to the impaired
uptake of apoprotic ceils, we used rerroviral transduction to recon-
stitute MEG-E8 expression in peritoneal macrophages in vitro, A
high-tirer virus encoding a previously described MFG-ES fnucainc,
i which the RGD sequence invelved in integrin binding was
madified to RGE (30}, was also generated. This protein rerains the
capacity to bind phosphatidylserine on apoptotic cells buc can-
nor be internalized and thevely funcrions as a dominant-negative
inbibitor. Flow cvtomerry documented that transduced cytokine-
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Figure 3

GM-CSF regulates steady-state MFG-EB expression in antigen-pre-
senting cells in vivo. Anti-MFG-E3 staining was detected in germinal
center macrophages and pulmonary alveskar mactophages of witd-
type but not GM-CSF—deficient mice. The eosinaphilic materlal in the
alveoli of GM-C8F-deficient mice is pulmonary surfactant, Original
magnification, %25 (spleen), x250 (iung).

deficient macrophages achieved MEG-ES levels comparable to
those of wild-type cells (dara nor shown). MEG-ES restoration
increased the phagocyrosis of apoprotic celts in GM-CSE-deficient
cells to wild-type levels, whereas MFG-ES aver-ex pression in wild-
type cells further augmenred corpse ingestion (Figure 2C), Confo-
cal microscopy demonstrated thae MFG-ES mediated engulfinenc
of apoptotic cells racher than simply mediating surtace binding
to phagocytes (Supplementat Figure 3). MEG-ES levels did not
alter the uptake of necrotic cells {daca nor shown), In contrase, the
RGE mutant decreased apoptotic cell ingestion in wild-type and
cytokine-deficient macrophages.

Enforced MFG-E8 expression in mucanc macroplhayes restored
TGF-f and reduced IL-1f, YL-6, TL-12p70, and TL-23p19 ro levels
comparable to wild-type controls (Figure 2D). Conversely, the RGE
mutant decreased TGF-f and increased TL-1f3, [L-6, [L-12p70, and
IL-23p19 in wild-type macrophages. The RGE matant alse abro-
gated che inhibitory effects of apoptativ cells on ehe allostimulaco-
1y activity of wild-sype peritoneal macrophages {Figure 2E), whils
MFEG-E8 transducdon normalized the aberrant allestinulatory
activity of GM-CSF/IL-3/IFN-y-deticient macrophages exposed ro
apoptoric cells, This suppression required TGE-{3, as the addition
of anti-TGF-f-neutralizing antibodies antagonized the effects of
MFG-E8 but not those of the RGE mucant.

GM-CSF is requived for Treg homesstasis through MFG- k8- mediated
uptake of apopiotic cells. To explore whether the phagscviosis of
apoptotic cells might influence Tregs, we cocultured syngeneic
wild-type €4~ T cells with apoproric cell-loaded peritoneal mac-
rophages and then analyzed FoxP3 expression (Figure 4A), Witd-
type macrophages efficiently stimulaved Tregs, but GM-CSF/
IL-3/TFN-y cells were impaired. MFG-ES transducticon of botl
wild-type and cytokine-deficient macrophages increased FoxP3-
cells, although the RGE mutant decreased Tregs. Antibody block-
ing experiments established thar MFG-E8-mediated Treg expan-
sion required TGF-B and MHC class [T (Figure J4B)Y. The FoxP3
cells proliferated during che coculeure and manifesced typical
suppressor activity in allogeneic mixed leukecyte reacrions (data
ot shown). Moreover, supernacancs from apopratic vell-toaded
wild-type but not GM-CSF/IL-3/IFN-;-deficient macrophages
provoked selective migration of CD4 CD25° T cells in a CC che-
mokine ligand 22-dependenc (CCL22-dependent) fashion (Figure
4C). Reconstieution of MFG-E& SXPUeSSIONn 1N Muranc macro-
phages restored chemoraxis (31).

Consistent with these resulrs, che trequency of CD3 T34 FoxP 3
T cells in GM-CSF- (data not shown), GM-CSE/IL-3- and GM-
CSF/IL-3/IFN-y~deficient mice were significantly deceeased com-
pared with wild-type conrrols (Figure 4I%. The absolure numbers
of FoxP3- cells were 3.5 £ 1.8 x 10° (meair + SD)velis. spleen for 3
wild-type mice, 0.7 £ 0.1 x 107 cells. spleen for 5 GAL-CSF/IL-3-
deficient mice, and 0.7 # 0.4 x 10° cells ‘splecn for 5 GM-CSE/TL-3/
IFN-y-deficient mice (P = 0.007, both kiockout strains compared
with wild-rype). Similar Treg reductions were abserved in lyanpl
nodes bue not thymi of mutant wice {Supplemencal Figure 4), sug-
Volume 117 NMumber 7
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Figure 5

GM-CSF regutates CD4* effector T cells through MFG-E8. (A) Peritoneal macrophages were exposed to apoptotic thymocytes and cocultured
with syngeneic wild-type CD3*CD45RA*CD62" nalve T cells. T cells were then analyzed for IL-17 and IFN-v production. Numbers refer to the
percentage of cells within an indicated gate. (B) Flt3-L--derived bone marrow dendritic cells were exposed to apopiotic thymocytes and used to
stimulate syngeneic wild-type naive T cells. (C) Enginesred macrophages were expased to apoptoetic thymocytes and used to stimuiate synge-
neic wild-type naive T cells. (D). Spienocytes were stimulated with PMA and lonomycin, and cytokine production of gated CD3'CD4* cells was
determined by fiow cytometry. Similar results were cbtained in at least 2 experiments.,

GM-CSEF-deficiens mice and Thl7 skewing in GM-CSE/IFN-y-
deficiene mice {Figure 3D},

MFG-ES reconstitition norsalizes CD4” subsets in GM-CSF-deficient
mtce. To cest turcher the rale of MFG-E8 in GM-CSE-dependent
responses in vivo, we pertormed bote marrow transplant experi-
ments. Hemaropoietic progenivors from wild-type and GM-CSF/
IL-3/TFN-v-deficient mice were rransd uced with reeroviral vectors
and infused into lethaliy irradiated 2- to 4-menth-old recipients.
Mice were sacrificed 2 months after transplant, and GFP/MFG-E8
expressien was documented in macrophages (data not shown).
MFG-E8 inereased phagocyrosis of apoprotic cells in wild-type
and GM-CSE/TL-3/TEN-v-deficient macrophages, whereas the
RGE mutant reduced corpse clearance in both strains (Figure 64).
MFEG-ES expression inereased TGF-f} and reduced IL-6, IL-23p19,
and TL-17 levels in chie sera of wild-type and GM-CSF/IL-3/IFN-y-
deficient mice (Figure 6B), Tu conerast, the RGE murant decreased
TGE-f but increased IL-G, [L-23p19, 1117, and IL-12p70 levels
in the sera of both serains. The RGE murant also evoked circu-
tating IFN-y in wild-rvpe ntice. This increase in proinflammarory
cytokines might account for the low incidence of peri-transplane
martalite observed ondy in animals thar received RGE-express-
ing bone marrow (data not shown). Flow cytometry revealed chat
MEG-ES increased FoxP3 Tregs in wild-type and GM-CSF/TL-3/
TFN-—deficient splenosytes, whereas the RGE murant decreased
Tregs in wild-rvpe mice (Figure 6C). MFG-ES sappressed, but the
RGE murant inereased Thi? cells in GM-CSF/IL-3/IFN-y-defi-
cient mice, while cthe RGE mutane augmented Th1 cells in wild-
type recipients (Figure 61). MEG-E8 also restored che immunosup-
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pressive effects of apoprotic cells in GM-CSE.TL-3/TEN-~deficiens
mice, as documented by the reduced allostimularery actviry (Fig-
ure GE). Taken rogether, these tindings escablish a requirernent for
MFG-E8 in the immuneregulatory activivies of GM-CSE.
Antigen-presenting cell maturation invelies MPG-E8 doirrivegulation.
Since MFG-E8 plays a critical role in GM-CSF-wriggerad rolerance,
GM-CSF-induced prorective immunin: mighe involve downregu-
lation of MFG-E8 function. Indeed, previons work showed robuse
MFG-E8 expression in limmarure, GM-CSF -derived bone mar-
row dendritic cells, whereas LPS-cvoked maruration decreased
MFG-E8 (32). Here we found char wild-type peritancal macro-
phages treated with diverse TLR agonises including pepridaglycan
(TLR2), poly-I-C (TLR3), LPS (TLR4), or CpG oligonucteotides
(TLR9) suppressed MPG-E8 inducrion upon SXPOSIIC to apoprot-
ic cells (Figure 7A). Enforced MFG-ER expression antagonized the
reductionin TGF-f} and increase in IL-6 stimulaced by LPS (Figure
7B) and suppressed the enbanced allostimudatory activine of apop-
totic cell-loaded macrophages created with LPS (Figuie 7€),
B220", but not B2207, Flt3-L-derived bone marrow dendritic cells
efficiently cross-presenc apopeotic cell antigens to stimulace CI8
cytotoxic T cell responses (27). MFG-E8 expression was restricted
to B220" dendritic cells, whereas maruration wich LPS or necroric
cells downregulated MFG-E8 in these and GM-CSF-derived
dendritic cells (Figure 7D}. Sorted B220, bur not B220-, Fie3-L-
derived dendritic cells secreted TGE-{} upon exposure ro apoprotic
cells but not necrotic cells (Figure 7E). In contrast, B220°, but not
B220", denduitic cells produced TFN-ct in responise .2 apoptotic
cells, and this was increased wich LPS, as expected i27). B220 |
Volume 117 1907
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Ratic of splenocytes o macrephages

MFG-E8 reconstitution restores GD4+ T cell homeostasis in vivo. (A) Peritoneal macrephages recovered 2 months foltowing transplantation
(5 mice per group) were assayed for phagocytosls of labeled apoptotic thymocytes, Numbers refer to the percentage of cells within an indicated
gate. (B) Serum cytokine levels measured by ELISA 2 months after transplant (1 = 4). {C) Splenocytes (n = 4) were harvested 2 months after
transplant and assayed for FoxP3 expression and {D) IL-17 and IFN-7 expression (CD3*CD4* gated cells). (B} Periloneat macrophages from
mice that received transplants were loaded with apoptotic cells and usad to stirmulate allogenelc Balb/c splenocytes. Proliteration was determined
by *H-thymidine uptake. Similar results were obtained with 2 Independent transplant experiments.

bur nor B220° dendriric cells also produced IFN-u in response to
necrotic cells. These resules, together with our observation that
Fle3-L-derived dendridc celts can ingest apoprotic cells throngh an
MEG-ES independenc pathway (Figure 1B), supporr the idea that
MEG-ES expression in particular dendritic cel] subsets is linked to
the induction of tolerance rather than protective immunity.
MFG-ES rognlates the antitwmer offects of GM-CSF-secreting vaccines.
To examine rhe impace of MFG-ES on GM-CSF-stimulated pro-
tective respontses, we utilized the BL6 melanoma medel (2). In this
systemn, vaccination wich irradiaced, GM-CSF-secrering tumotr
cells prozecred wild-tvpe syngeneic C57BL/6 mice from subse-
quent challenge wich live wild-tvpe B16 cells, whereas vaccination
widhy irradiaced, parental Bt cells was ineffective (Figure SA).
Immmunization with Bl1Geells expressing the RGE mutant failed to

1908 The Journal of Clinical Investigation
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protect against cumor challenge indicaciizg thac blockade of phos-
phatidylserine was not sufficient for protective imm unity in chis
system. Vaccines composed of B16 cells secreting MFG-E8 were
similarly inactive. However, coexpression ot MFG-F& abrogated
the protective immunity elicited with GA-CSF-secreting tumor
cells, whereas the RGE mucant did nor.

To determine whether the RGE murant mighr angnient the anti-
cumeor effeces of GM-CSF, we ucilized a therapy maesdel in which
vaccination was begun on the same dav as cumer challenge {Figure
8B). Under these conditions, irradiated, GM-CSF-sccreting B15
cells evoked a modest delay in tumeor growth, but all animals even-
tually succumbed to progressive rumor. MEG-ES coexpression also
inhibited che impact of GM-CSF-secreeing rumor cells in chis sys-
temn. Nonetheless, the RGE murtant potentiated GM-CSF-induced
Volume 117
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tumer destruction; when therapy was initiated 3 days after B16
injection, cumors grew inidaily, buc the combination therapy
etfected complere tumor regressions {data not shown). No rexici-
ties of trearment were observed.

To anajvze the mechanisms underlying these effects, we isolated
rumor-infiltrating lymphecytes from wild-type B16 challenge sites.
The coeapression of MFG-E8 resulted in increased intratumoral
Tregs (Figure 8C), wheveas the coexpression of the RGE mutant
inthibited Treg recruirment compared with B16 cells secreting only
GM-CSF (Figure 8D). The RGE mucant also enhanced the activa-
tion of CDS- tumer-infiltrating lymphocytes and increased the
aunbers of MHC class [ restricted, ryrosinase related pratein 2-
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Apaptotic calls  Necrotic

heepsfrwerwjciorg
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MFG-ES (fog)
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mB220

specific (TRP-2-specific) IFN-j-secreting CD8 effevror cells,
whereas these were decreased with MFG-ES (Figure SE).

Tumors harvested from treated mice showed seriking Jdifferences
in gross appearance. Melanemas arising in naive mice {daca nor
shown) or in animals that received the GM-CSEMFEG-ES vaccine
were heavily pigmented, whereas thase developing atter che GM-
CSFvaccine or the GM-CSF/RGE vombinarion (prior ro rejection)
were net (Figure 8F), Histopathologic examinadon confinmed the
variation in melanin production (dora nee shown). These Andings
suggest that MEG-E8-mediated moduladon of immuniny againse
melanocyte differentiation antigens, such as TRP-2, sculpes the
phenotype of progressive tanors, consistent wirh the ~oncepr of
1909
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Figure 8

MFG-E8 modulates the vaccination activity of irradiated, GM-CSF~secreting B16 cells. (A) Wild-type G57BL/6 mice were vaccinated subcutane-
ously with 1 x 10® irradiated B16 cells as indicated and challenged on day 7 with 1 x 108 live B16 cells (8 mice per group). (B) C57BL/6 mice were
injected with 1 x 10% live B18 cells, and the indicated vaccines were administered on days 0, 7, and 14 {8 mice per group). (C) Tumer-infiltrating
lymphocytes were harvested from the B16 challenge sites of mice treated with the indicated vaccines and analyzed for FoxP3-expressing Cbd-

T cells. Results are representative of 5 experiments. Numbers refer to

the percentage of cells within an indicated gate, (D) Tumor-infiitkating

lymphocytes were analyzed for FoxP3-expressing CD4* T cells and GD8* T cell activation. Similar results were obtained in 2 experiments. (E)
Tumot-infiltrating lymphocytes were analyzed for TRP-2-specific IFN-y production with an ELISPOT. E1A denotes a contrel H-2t restricted
peptide derived from the adenoviral E1A gene preduct, SFC, spot forming cells. (F). Gross appearance of B16 challenge tumors in mice treated
with the indicated vaccines (8 mice for Bi6/GM-CSF and B16/GM-CSF/MFG-ES and 2 mice for B16/GM-CSF/RGE).

immune editing {33). Furchermore, the complete cumer regres-
siotis effected by the GAM-CSF/RGE combination likely involved a
diversified host response that targeted multiple cumor-associated
antigensin addirion co melanocyte differentiation proteins.

Discussion

GM-CSF was inirially characterized as a factor in lung condirioned
medium that stimulated the growrh of hematopoieric cells from
bone marrew pregenitors (34). Subsequent work established addi-
tional roles for the cyrokine in enhancing resistance to tumors
and infecrion and in modutadng inflammarory pathology (35).
T this study, we identitied the phosphatidlvserine-binding pro-
tein MFG-ES as amajor decerminant of GM-CSF activities. Under
steadv-state conditiens, GM-CSF induced MFG-E8 expression on

1910 The Journal of Clinical Investigation
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antigen-presenting cells, resulting in che efticient phagocyrosis of
apoptotic cells, the maintenance of Tregs in the periphery, and the
suppression of autoreactive Thl and Thi17 cells. However, under
conditions of stress, TLR agonists or necrocic cells downregulated
MEG-E8 expression whereby GM-CSF elicited protective responses
through an MFG-E8-independent mechanism. Togecher, these
findings elucidate a GM-CSF/MFG-E8 homeostatic circuit that
reguiates the balance of CD4* T cell subsers (Figure 9.

The delineation of a GM-CSE/MFG-E4 pachway hiclps clarify:
the complex functions of this cvrokine in inflammarary disease
and cancer, Although GM-CSF deficiency alone is not sufficient
ro promote spontaneous sunior fornwition, loss of the aytokine
precipirares a SLE-like disorder 112}, The impaire.d upcake of
apoptotic cells, which resulrs i decreased Tregs and increased
Velume 117 Numbee?
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autoreactive Thl cells, compromises tolerance and evokes the
development of autcantibodies and immune complex mediated
glomernlonephritis. Tn contrast, the concurrent ablation of IPN-y
eriggers an expansion of autoreactive Th17 cells, with widespread
acute and chronic grantlomareus inflammarion that resembles
the pathology observed in TL-23 and IL-17 transgenic mice {36,
37 Furthermore, aged GM-CSF/IFN-y compound deficient mice
succumb at high trequency co hematologic and solid malignan-
cies, consistent wirh a kev role for che IL-23/IL-17 axis in inflam-
mation-driven carcinogenesis (38, 39, IL-23 inhibits the intracu-
moral infilrration o cytorexic T cells, whereas IL-17 engenders the
preducdon of angiogenic factors and matrix metalloproteinases
that toseer cumor tormation. Our results therefore underscore the
high carcinogenic porential of defective phagocytosis of apoptotic
cells coupled wich compromised 1EN-y signaling. Indeed, muca-
tions in the genes encoding macrophage-scavenger recepror 1 and
ribonuclease L, an endoribonuclease synthesized in response to
interferon,are tumor susceptibility loci in humans (40).

While the loss of GM-CSF contributes to tumor promoting
inflasmation, paradesically many wmors constiturively secrece
low levets of the cytokine, which may be linked with disease pro-
gression {0). Previous work established that GM-CSF stimulates
myeloid suppressor cells thar antagonize cytotoxic lymphocytes
through che dlaborarion of reacdve nitrogen and oxygen species
and the modulation of arginine metabolism (7, 41, 42). Our find-
ings suggest chac GM-CSF-induced MFG-E8 expression may be
an addicional mechanism of immuune suppression in the cumor
microenvirenment. Consistent with this idea, tumor-associated
macrophages in diverse human malignancies display high levels
of MEG-E8 by immunohistochemistry (Supplemental Figure 6
and data nor shewn). The local ielease of TGF-f and CCL22 mighe
faster the recruivment and maintenance of FoxP3" Tregs chat
attenuate the cvrotoxic activiey of innate and adaptive antitumor
cffectors (<13Y. Morcover, since angiogenesis induced by VEGF also
requires MFG-E§ engagement of o.f3s inregrins on endothelial
cells (44), che GM-CSF/MEG-ES pachway might support tumor
development in maleple wayvs.
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Figure 9

Proposed model of the duai reles tor GM-CSF in toler-
ance and protective immunity. Top: GM-CSF is required
for the expression.of MFG-ES in antigen-presenting cells,
Upon exposure of phosphatidyiserine {PS) on the surface
of apoptotic ¢ells, MFG-E8 promotes thelr engulfment by
antigen-presenting cells, which results in the stimulations
of Tregs, Boltom: In the setting of stress, TLR agonists
and necrotic cells downregulate MFG-ES on antigen-pre-
senting cells, whereby GM-CSF promotes CD4* effector
T cell responses.

In lighe of the immunoregulatory activities of
MFG-E8, why does the provision of GM-CSF as cancer
therapy increase antitnor responses? Qur resules indi-
cate that diverse TLR agonists and necrotic cells down-
regulate the expression of MEG-ES on anrigen pre-
senting cells, and this suppression may be vequired for
protective immuniry. Irufeed, entorced production of
MFG-E8 anragonized the immunestimularory impact
of TLR agonists and irradiared, GM-CSF -secrering
cumor cell vaccines, wheveas high levels of endogenous
MFG-E8 were associated with rolerogenic dendritic cell
subsets. While blockade of MEG-ES funcrion wich the RGE mutant
wasinsufficient to evoke protection in chie B16 melanoma model, in
conjunction with GM-CSF, the straregy proved cherapeuric against
preexisting lesions. Thisintensified activity suggests char ircadiated
GM-CS8F-secreting tunior vaccines alone ori
regulation of MFG-E8 in vivo. The enhanced immunio: eliciced by
the combination treatment involved the inhibicion of Tregs and
the amplification of CD8" cvroroxic T cells, resulting in a diversi-
fied host response capable of mediating regression ol established
tumors in the absence of toxiciey. This mechanism of cherapeuric
synergy is distinct from that underlying CTLA-4 antbody block-
ade, which primarily rargets effector cells but also increases Tregs
{5). Thus, the 3 approaches together wiight prove complementary
and achieve even higher levels of prorective tumeor imnyunity,

rer only parial down-

Methods

Mire. GM-CSF-, GM-CSE/IL-3-, IFN < 453 md GM-CSI 11 3/TFN-v-
deficient mice were backcrossed at least 9 generations ome die C37BL6
strain and housed under specific pathogen tree conditions. Genotypes
were confirmed by PCR (£2), and the experime s were approved by the
Association for Assessment and Aceredaiation of Laboratory Animat Care
International-accredited Dana-Farber Cancer institute Insesntionat Ani-
mal Care and Use Commitree.

Phagocytasis assays. Wild-type thymuoutes were expused to 10 1M dexa-
miethasone for 6 hours, splenocytes were exposed 1o 40 Gy - srradiation,
and Jurkat T cells were exposed ta 5 mgml cuoposide for 1o hours to trig:
gerapoptosis. Cell necrosis was mduced with repentivg free ze-1 haw qreles.
Wild-type apoprotic of necrotic cells {scared with Annexin V and prop-
idium iodide) were labeled wich 5- {and 6-1 Carbosyiettametin Irhodamine,
succinimidyl ester (S[6} TAMRA. SE: lvitrogen) or Gieboxvtluorescein
diacetate succinimuclyl ester (CESE: tnvitrouen) as described i ret) 12

Thioglycollate-eliciced peritoneal s rophayes ur CD1EE microbead
punfied (Milrenyi Biotecy rissue macrophages were enlisred i RPMI 1640
supplemented with 10% heat-imactivared foaboal seruwm, -dutamine, and
penicillin/serepromyvin. Dendritic cells were zokated from pleens using
Chilc micrebeads (Milvenyi Biotec) or generared frone bone marrow cells
by culture for 7 days wsing conditionsd media fadided on davs 0, 2, and 4
Volumne 117 Number7 19119
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Gemcitabine Hydrochloride for Injection 1 : _ s g
Info on Toxials)

ﬁgé‘i%f Gemcitabine Hydrochloride
| for Injection

Eli Lilly and Company
Material Safety Data Sheet

~ Scction1-Chen

Manufacturer:

Eli Lilly and Company
Lilly Corporate Center
Indianapolis, IN 46283

Common Name: Gemcitabine Hydrochloride for Injection

Chemical Name: Cytidine, 2'-deoxy-2',2"-difluoro-, monohydrochloride

Chemical Name 2: 2'-Deoxy-2',2'-difluorocytidine monohydrochloride (beta-isomer)

Synonym(s): Gemeitabine HCI formulation; Gemcitabine; 264368 formulation: 18801 | hydrochloride
formulation

Trademarks(s): Gemcin; Gemtro; Gemzar

Lilly Item Code(s): VL7501; VL7502; VL7538; VL7540

Sec attached glossary for abbreviations.

| Section 2 - Composition / Information on Ingredients
Ingredient CAS Concentration %

Gemcitabine Iydrochloride 122111-03-9 51-53

Excipients NA 47 - 49

Contains no hazardous components (one percent or greater) or carcinogens (one-tenth percent or
greater) not listed above,

Exposure Guidelines:
Gemeitabine hydrochloride - LEG 0.3 micrograms/m3 TWA for 8 hours, LEG 0.2 micrograms/m3
TWA for 12 hours. Excursion guidance is to maintain full shift TWA.

| Scction3-Hazards Identification

Appearance: White to off-white powder or freeze-dried plug
Physical State: Solid
Odor: Odorless
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Gemeitabine Hydrochloride for Injection Page 2 of 9

Emergency Overview

Special
R = Reproductive
Emergency Overview Effective Date: 29-Qct-1998 i
| Lilly Laboratory Labeling Codes:
Health 2 Fire 1 Reactivity 0 Special R

Primary Physical and Health Hazards: Skin Permeable. Mutagen. Irritant (cyes, skin).
t Reproductive and Blood Effects. '

{

«
‘(Caution Statement: Gemcitabine Hydrochloride for Injection contains gemcitabine hydrochloride
which may cnter the body through the skin, alters genetic material, and may be irritating to the cyes
and skin. Effects of exposure may include decreased fertility, fetal changes, and decreased blood cell
Counts.

BTV O IR ORI

Routes of Entry: Inhalation and skin absorption.

Effects of Overexposure: Based on animal data, gemcitabine hydrochloride for injection may be
absorbed through the skin in amounts capable of producing systemic toxicity and may be irritating to the
cyes and skin. Effects of exposure due to therapeutic use may include, but are not limited to, decreased
blood cell counts, nausca, vomiting, edema, rash, elevated liver enzymes, and flu-like syndrome.

Medical Canditions Aggravated by Exposure: None known,

Carcinogenicity: No carcinogenicity data found. Not listed by IARC, NTP, ACGII. or OSHA.

L. Scctiond-FirstAid Measures |

Eyes: Hold cyclids open and flush with a steady, gentle stream of water for 15 minutes. Sce an
ophthalmologist (eye doctor) or other physician immediately.

Skin: Remove contaminated clothing and clean before reuse. Wash all exposed arcas of skin with
plenty of soap and water. Get medical attention if irritation develops.

Inhalation: Move individual to fresh air. Get medical attention if breathing difficulty occurs. If not
breathing, provide artificial respiration assistance (mouth-to-mouth) and call a physician immediately.

Ingestion: Do not induce vomiting. Call a physician or poison control center. If available. administer
activated charcoal (6-8 heaping teaspoons) with two to three glasses of water. Do not give anything by
mouth to an unconscious person. Immediately transport to a medical care facility and scc a physician,

i
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Gemceitabine Hydrochloride for Injection Page 3 of 9

_Section 5 - Fire Fighting Measures

Flash Point: No applicable information found
UEL: No applicable information found
LEL.: No applicablc information found

Extinguishing Media: Use water, carbon dioxide, dry chemical, foam, or Halon,

Unusual Fire and Explosion Hazards: As a finely divided material, may form dust mixturcs in air
which could explode if subjected to an ignition source.

Hazardous Combustion Products: May emit toxic chloride and fluoride fumes when exposed to heat
or fire.

Sectmn 6 - Accidéht_al Release Measures

e snmarmanienid

Spills: Use double pairs of latex disposable gloves which must be disposed of within an hour, goggles,
mmpermeable body covering, and approved HEPA-filtered or supplied-air respirator. If material spills
occur in production area, use either wet clean-up methods, ensuring that no airborne dusts or acrosols
are formed, or appropriate vacuum cleaners having high efficiency particulate air (I IEPA) filters.

It is reccommended that areas handling final finished product have cytotoxic spill kits available. Spill
kits should include impermeable body covering, shoe covers, latex and utility latex gloves, gogyles,
approved HEPA respirator, disposable dust pan and scoop, absorbent towels, spill control pillows,
disposable sponges, sharps container, disposable garbage bag, and a hazardous wastc label.

P

| Section7-Handling and Storage

Storage Conditions: Controlled Room Temperature: 15 to 30 C (59t0 86 F).

| Section 8 - Exposure Controls / Personal Protection_

See Section 2 for Exposure Guideline information,

For appropriate handling precautions in specific laboratory, manufacturing, or clinical health care
operations, consult with a health and safety or technical services representative.

In clinical health care settings, follow OSHA Technical Manual, Section VI, Chapter 2 - Controlling
Occupational Exposure to Hazardous Drugs. This chapter covers protection of employees during
cytotoxic drug preparation, administration, disposal, and the handling of human waste products
potentially contaminated with cytotoxic drug substances.

GENERAL: For all work environments, wear eye protection, avoid skin contact, wear gloves, and take
other appropriate precautions.

Respiratory Protection: When the exposure guidelines may be exceeded, use an approved HEPA-

file://Z:\Legacy\ EXTRACT 30NOV2006\MSDS_html\d270173. htmi 12:7/2006



Gemcitabine Hydrochloride for Injection Page 4 of 9

filtered or supplicd-air respirator.
Eye Protection: Chemical goggles and/or face shield.

Ventilation: Extensive local exhaust, ventilated enclosure (HEPA-filtered balance cnclosure, fume
hood, or Class II or 1T vertical flow biosafety cabinet), or enclosed process equipment.

Other Protective Equipment: Chemical-resistant gloves and impermeable body coverng to minimize
skin contact. If handled in a ventilated enclosure, as in a laboratory setting, respirator and goggles or
face shicld may not be required. Safety glasses are always required,

Additional Exposure Precautions: In production settings, aitline-supplied, hood-type respirators are
preferred. Shower and change clothing if skin contact occurs.

!
i

_ Section 9 - Physical and Chemical Properties

Appearance: White to off-white powder or freeze-dried plug
Odor: Odorless

Boiling Point: Not applicable

Melting Point: No applicable information found

Density: No applicable information found

pH: Acidic

Evaporation Rate: No applicable information found

Water Solubility: Soluble

VYapor Density: No applicable information found

Vapor Pressure: No applicable information found

SR Sec prow 10_ Stablllty and Reactiv1ty

1

Stability: Stable at normal temperatures and pressures.

Incompatibility: May react with strong oxidizing agents (e.g., peroxides, permanganates, nitric acid,
etc.).

Hazardous Decomposition: May emit toxic fluoride and chloride fumes when heated to
decomposition.

Hazardous Polymerization: Will not occur.

 Section 11 - Toxicological Information |

Acute Exposure
No data available for mixture or formulation. Data for ingredient(s) or related material(s) are
presented.

Oral;

file://Z:\Legacy\EXTRACT 30NOV2006\MSDS_htm1\4270173.html 12/7/2006



Gemcitabine Hydrochloride for Injection Page 5 of 9

Gemceitabine hydrochloride - Rat, 500 mg/kg, no deaths.
Mouse, mortality duc to intestinal lesions reported when given a single dose of 333 mg/kg and higher.

Skin:
Gemcitabine hydrochloride for injection - Rabbit, median lethal dose estimated greater than 1000
mg/kg, mortality, reduced activity, diarrhea, weight loss, few feces, pale eyes, salivation.

Inhalation: No applicable information found.

Skin Contact:
Gemeitabine hydrochloride for injection - Rabbit, irritant

Eyve Contact:
Gemeitabine hydrochloride - Rabbit, irritant

Chronic Exposure
No data available for mixture or formulation. Data for ingredient(s) or related material(s) are
presented.

Target Organ Effects:
Gemeitabine hydrochloride - Blood effects (decreased red blood cell, white blood cell, and platelet
counts).

Reproduction:

Gemcitabine hydrochloride - Decreased sperm formation and decreased fertility in males, and
reproductive tissue changes. Depressed fetal viability and weight and malformations at doses toxic to
the mother.

Sensitization:
Gemceitabine hydrochloride - Guinea pig, subcutaneous, negative systemic responsc.

Mutagenicity:
Gemcitabine hydrochloride - Mutagenic in mouse lymphoma assay and mouse micronucleus test. Not
mutagenic in bacterial cells and other mammalian cell tests.

~ Section 12 - Ecological Information

No environmental data for the mixture or formulation. The environmental information for ingredient(s)
or related material(s) are presented.

Ecotoxicity Data:
Gemcitabine
Rambow trout 96-hour median lethal concentration: > 1043 mg/L
Fathead minnow 96-hour median lethal concentration: > 1014 mg/L
Daphnia magna 48-hour median effective concentration: > 999 mg/L
Green algac (S. capricornutum) median effective concentration: 5.4 mg/L (average specific growth rate)
Microorganisms
fungus (Chactomium globosum): MIC > 1000 mg/L

file://Z:\Legacy\EXTRACT 30NOV2006\MSDS_htm1\4270173.html 12/7/2006



Gemcitabine Hydrochloride for Injection Page 6 of 9

mold (Aspergillus flavus): MIC > 1000 mg/L

soil bacteria (Comamonas acidovorans): MIC > 1000 mg/L
N-fixing bacteria (Azotobacter chroococcum): MIC > 1000 mg/L
blue-green algae (Nostoc sp.): MIC 800 mg/L

Environmental Fate:

Gemcitabine hydrochloride

Dissociation constant (pla): 3.58

Kow: 0.053,0.053,0.052 (pH 5,7, 9)

Solubility (g/L): 16.0,15.3, 15.8(pH 5,7, 9)
Light absorption (nm): 268 - 269

Hydrolysis: no significant hydroylsis

Acrobic biodegradation half-life: 30% in 28 days

Environmental Summary:

Gemcitabine - Practically non-toxic to fish and microorganisms and moderately toxic to green
algac. Low potential to bioaccumulate in aquatic organisms. Expected to be persistent in the
environment based on slow rates of hydrolysis and biodegradation.

Lilly Aquatic Exposure Guideline (LAEG):

Gemcitabine hydrochloride

LAEG for Drinking Water: 0.045 micrograms/L

LAEG for Chronic Exposure: 1.0 micrograms/L

LAEG for Acute Exposure of Aquatic Organisms: 5400 micrograms/L

f
}ornmrey
! 5

_ Section 13 - Disposal Considerations

Waste Disposal: To avoid accidental exposure due to waste handling, place waste residuc in a
segregated, scaled plastic container, Used syringes, needles, and sharps should not be crushed, clipped,
or recapped, but placed directly into an approved sharps container. Dispose of any cleanup materials
and waste residue according to all applicable laws and regulations, e.g., secure chemical landfill
disposal.

7 rn ey

. Section 14- Transport Information

Regulatory Organizations:
DOT: Not Regulated
ICAQ/IATA: Not Regulated

IMO: Not Regulated

ey

___Section 15 - Regulatory Information

Below 1s sclected regulatory information chosen primarily for possible Eli Lilly and Company
usage. This scction is not a complete analysis or reference to all applicable regulatory
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information. Please consider all applicable laws and regulations for your country/state.

U.S. Regulations
Gemcitabine hydrochloride
TSCA -No

CERCLA - Not on this list
SARA 302 - Not on this list
SARA 313 - Not on this list
OSIA Substance Specific - No

EU Regulations

EC Classification

Contains gemcitabine hydrochloride (C = 51 to 53%)
Xn (Harmful)

Xi {Irritant)

Reproductive Category 3

Mutagen Catcgory 2

Risk Phrases

R 21 - larmful in contact with skin.

R 36/38 - Irritating to cyes and skin.

R 62 - Possible risk of impaired fertility.

R 63 - Possible risk of harm to the unborn child.
R 46 - May cause heritable genetic damage.

Safety Phrases

§ 25 - Avoid contact with eyes.

S 26 - In casc of contact with eyes, rinse immediately with plenty of water and scck medical advice.
S 36/37 - Wear suitable protective clothing and gloves.

S 53 - Avoid exposure - obtain special instructions before use.

i

MSDS Sections Revised: Section 2.

As of the date of issuance, we are providing available information relevant to the handling of this
material in the workplace. All information contained herein is offered with the good faith belief that it
1s accurate. THIS MATERIAL SAFETY DATA SHEET SHALL NOT BE DEEMED TO CREATE
ANY WARRANTY OF ANY KIND (INCLUDING WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE). In the event of an adverse incident associated with this
material, this safety data sheet is not intended to be a substitute for consultation with appropriately
traincd personnel. Nor is this safety data sheet intended to be a substitute for product litcrature which
may accompany the finished product.

For additional information confact:

Efi Lilly and Company
Hazard Communication

file://Z: \Legacy\EXTRACT 30NOV2006\MSDS_htm1\4270173.html 12/7/20006
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317-277-6029

For additional copics contact:
Eli Lilly and Company
1-800-LILLY-Rx (1-800-545-5979)

GLOSSARY:

ACGIH = Amcrican Conference of Governmental Industrial Hygienists
AIHA = American Industrial Hygiene Association

BEI = Biological Exposure Index

CAS Number = Chemical Abstract Service Registry Number
CERCLA = Comprehensive Environmental Response Compensation and Liability Act {of 1980)
CHAN = Chenucal lazard Alert Notice

CHEMTREC = Chemical Transportation Emergency Center

DOT = Department of Transportation

EC = Europecan Community

EINECS = European Inventory of Existing Chemical Substances
ELINCS = European List of New Chemical Substances

EPA = Environmental Protection Agency

HEPA = igh Efficicncy Particulate Air (Filter)

IARC = Intcrnational Agency for Research on Cancer
ICAO/IATA = International Civil Aviation Organization/International Air Transport Association
IEG = Lilly Interim Exposure Guideline

IMO = International Maritime Organization

Kow = Octanol/Water Partition Coefficient

LEG = Lilly Exposure Guideline

LEL = Lower Explosive Limit

MSDS = Matcrial Safcty Data Sheet

MSITA = Mine Safety and Health Administration

NA = Not Applicable, except in Section 14 where NA = North America
NADA = New Animal Drug Application

NAIF = No Applicable Information Found

NCI = National Cancer Institute

NIOSIT = National Institute for Occupational Safety and Health
NOS = Not Otherwise Specified

NTP = National Toxicology Program

OSHA = Occupational Safety and Health Administration

PEL = Pcrmissible Exposure Limit {OSHA)

RCRA = Resource Conservation and Recovery Act

R(Q = Reportable Quantity

RTECS = Registry of Toxic Effects of Chemical Substances
SARA = Superfund Amendments and Reauthorization Act

STEG = Lilly Short Term1 Exposure Guideline

STEL = Short Term Exposure Limit

TLV = Threshold Limit Value (ACGIH)

TPQ = Threshold Planning Quantity

TSCA = Toxic Substances Control Act

TWA = Time Weighted Average/8 Hours Unless Otherwise Noted
UEL = Upper Explosive Limit

UN = United Nations

file://Z:\Legacy\EXTRACT 30NOV2006\MSDS_htm1\4270173.html 12/7/2006
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WEEL = Workplace Environmental Exposure Level (ATHA)
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e Page 1/6
“ EﬂZO Safety data sheet

according to 1907/2006/EC, Article 31

_1Identification of the substance/mixture and of the company/unde
- Product identifier
- Trade name: Tunicamycin

- Article number: BML-CC104
- CAS Number:
11089-65-9
" Relevant identified uses of the substance or mixture and uses advised against
. Appllcatlon of the substance / the preparation: Laboratory chemicals

. Manufacturer/Suppher
Enzo Life Sciences International, Inc.
10 Executive Boulevard
Farmingdale, NY 11735
U.S.A.
msds@enzolifesciences.com

- Further information obtainable from: Customer service
- Emergency telephone number: During normal opening times: +1 610-941-0430

Printing date 03.02.2011 Revision: 03.02.2011

. 2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008

/"n

& ‘}Z@,f GHS06 skull and crossbones

Acute Tox. 2 H300 Fatal if swallowed.
Acute Tox. 1 H330 Fatal if inhaled.

f"a

b
;%’ » GHSO08 health hazard
;." J’

gt

STOTRE2 H373 May cause damage to organs through Pprolonged or repeated exposure.

- Classification accordlng to Dlrectlve 67/548/EEC or Directive 1999/45/EC:
+; Very toxic

R26/28:  Very toxic by inhalation and if swallowed.

R33: Danger of cumulative effects.

- Information concerning particular hazards for human and environment: Not applicable.

* Label elements
* Labelling according to Regulation (EC) No 1272/2008:

The substance is classified and labelled according to the CLP regulation.
- Hazard pictograms:

GHSOG GHSOS

- Signal word: Danger
- Hazard statements:
H300 Fatal if swallowed.
H330 Fatal if inhaled.
H373 May cause damage to organs through prolonged or repeated exposure.

(Contd. on page 2)
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Page 2/5
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.201 1

Trade name; Tunicamycin

* Precautionary statements

P260 Do not breathe dust/fume/gas/mistivapours/spray.
P301+P310 IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician.
P310 Immediately call a PCISON CENTER or doctot/physician.
P320 Specific treatment is urgent (see on this |abal),
P405 Store locked up.
P501 Dispose of contents/container in accordance with local/regional/national/international
regulations.
- Other hazards

* Results of PBT and vPvB assessment
* PBT: Not applicable.
- vPvB: Not applicable.

{Contd. of page 1)

- Chemical characterization: Substances
+ CAS No. Description:

- Identification number(s): Not applicable

3 Composition/information on ingredients

11089-65-9 Tunicamycin

4 First ald measures

- Description of first aid measures
 General information:

- After inhalation:
- After skin contact:

- After eye contact:

- After ingestion: Do not induce vomiting; call for medical help immediately.
* Information for doctor:
- Most impoertant symptoms and effects, both acute and delayed

- Indication of any immediate medical attention and special treatment needed
No further relevant information available.

Immediately remove any clothing soiled by the product.
Remove breathing equipment only after contaminated clothing have been completely removed.
In case of irregular breathing or respiratary arrest provide artificial respiration.

Supply fresh air or oxygen; call for doctor.
In case of unconsciousness place patient stably in side position for transportation.

Immediately wash with water and soap and rinse thoroughly.
Remove contaminated clothing.

Rinse opened eye for several minutes under running water. Then censult a doctor.,

No further relevant information available.

............ R - e B —

- Extinguishing media
- Suitable extinguishing agents:
CO2, powder or water spray. Fight larger fires with water spray or alcohol resistant foam.
- Special hazards arising from_the substance or mixture No further relevant information available.

- Advice for firefighters
- Protective equipment:

Mouth respiratory protective device,
Woear self-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.

{Contd. on page 3)




Page 3/6
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

| {Contd. of page 2)
Wear fully protective suit.

_ 6 Accidental release measures

- Personal precautions, protectlve equipment and emergency procedures:
Avoid formation of dust.
Woear protective clothing.
- Environmental precautions: Do not allow to enter sewers/ surface or ground water.
- Methods and material for containment and cleaning up:
Dispose contaminated material as waste according to item 13.
Ensure adequate ventilation.
* Reference o other sections
See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

* Precautions for safe handling:
Thorough dedusting.
Ensure good ventilation/exhaustion at the workplace.
Open and handle receptacle with care.
* Information about fire - and explosion protection: Keep respiratory protective device available.

- Conditions for safe storage, including any incompatibilities
- Storage:
" Requirements to be met by storerooms and receptacles:
i Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
i additional specific information).
- Information about storage In one common sterage facility;
Keep away from heat, sources of ignition and incompatibles such as oxidizing agents.
- Further information about storage conditions:
Keep container tightly sealed.
Store under lock and key and with access restricted to technical experts or their assistants only.
- Specific end use(s) No further relevant information available.

'8 Exposure controls/personal protection

- Additional information about design of technical facilities: No further data; see item 7.

i - Control parameters
‘ - Ingredients with limit values that require monitoring at the workplace: Not required.
- Additional information: The lists valid during the making were used as basis,

- Personal protective equipment:
- General protective and hyglenic measures:

Keep away from foodstutfs, heverages and feed.

Immediately remove all soiled and contaminated clothing

Wash hands before breaks and at the end of work.

Store protective clothing separately.
- Respiratory protection:

In case of brief exposure or low pollution use respiralory filter device. In case of intensive or longer
| exposure use self-contained respiratory protective device.
! {Contd. on page 4) _J
- El




Printing date 03.02.2011

Page 4/6
Safety data sheet
according to 1907/2006/EC, Article 31

Revision: 03.02.2011

Trade name: Tunicamycin

(Contd. of page 3)

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.
Due to missing tests no recommendation to the glove material can be given for the productithe
preparation/the chemical mixture.
Selection of the glove material on consideration of the penetration times, rates of diffusion and the
degradation

- Material of gloves
The selection of the suitable gloves does not only depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

* Penetration time of glove materlal
The exact break through time has to be found out by the manufacturer of the protective gloves and
has to be observed.

- Eye protection: Not required.

9 Physical and chemical properties

- Information on basie physical and chemical properties J
- General Information

- Appearance:
Form: Powder
Colour: Off-white }
- Odout: Characteristic !
- Odour threshold: Not determined. :
* pH-value; Not applicable.

- Change in condition
Melting point/Melting range:
Boiling point/Boiling range:

Undetermined.
Undetermined.

* Flash point: Not appl'i:;a“t;!;-

- Flammability (solid, gasecus): Product is not flammable.

- lgnition temperature:

Decomposition temperature: Not determined.

- Danger of explosion:

: Sélt-igniting: Not determined.

Product does not present an explos'ibnhhréiérd.

- Vapour pressure:

- Explosion limits:
Lower:
Upper:

Not determined. :
Not determined. B i

Not applicable. o . I

- Density: Not determined. |
* Relative density Not determined. '
- Vapour density Not applicable.

i - Evaporation rate

Not applicable.

- Solubility in / Miscibility with
water:

Not determined.

|- Segregation coefficient (n-octanol/water): Not determined,

"~ (Contd. on page 5)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

R ———

(Conid. of page 4)

- Viscosity: |
Dynamic: Not applicable. 1
Kinematic: Not applicable. i

* Other information No further relevant information available.

10 Stability and reactivity

- Reactivity
- Chemical stability: Stable. Avoid strong oxidizing agents,
* Thermal decomposition / conditions to be avoided:
No decomposition if used according to specifications.
- Possibility of hazardous reactlons: No dangerous reactions known.
- Conditions to avoid: No further relevant information avallable.
- Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known.

- Information on toxicological effects

- Acute toxicity:

- LD/LC50 values relevant for classification:
LD507>0,4 mg/kg (guinea pig) (subcutaneous]

>0,2 mgikg (rat) (subcutaneous)

- Primary irritant effect:

- on the skin: Not determined

- on the eye: Not determined

- Sensitization: No sensitizing effects known,

12 Ecological information

- Toxiclty
- Aquatic toxicity: No further relevant information available.
- Persistence and degradability: No further relevant information available.
- Behaviour in environmental systems:
- Bioaccumulative potential: No further relevant information available.
- Mobility in soil: No further relevant information available.
- Additional ecological information:
- General notes;
Water hazard class 3 (German Regulation) (Assessment by list): extremely hazardous for water
Do not allow preduct to reach ground water, water course or sewage system, even in small
quantities.
Danger to drinking water if even extremely small quantities leak into the ground.
* Results of PBT and vPvB assessment
* PBT: Not applicable.
- vPvB: Not applicable.
- Other adverse effects No further relevant information available.

(Contd. on page &)
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Printing date 03.02.2011 Revision: 03.02.2011

Page 6/6

Safety data sheet
according to 1907/2006/EC, Aicle 31

I ) . .
I Trade name: Tunicamycin

(Contd. of page 5)

13 Disposal considerations

- Waste treatment methods

 Recommendation:
Must not be disposed together with household garbage. Do not allow product to reach sewage
system.

- Uncleaned packaging:
- Recommendation: Disposal must be made according to official regulations.

14 Transport information

- Maritime transport IMDG:

* Marine pollutant: No

- Special precautions for user: Not applicable.

- Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code: Not applicable.

e

15 Regulatory information

- Chemical safety assessment: A Chemical Safety Assessment has not been carried out.

16 Other information

- Contact: tel, +1 810-941-0430

This information is based on our present knowledge. However, this shall not constitute a guaraniee
for any specific product features and shall not establish a fegally valid contractual relationship. For
research use only. Not for drug, household or other uses.

* Department issuing MSDS: Customer service

- Abbreviations and acronyms:
IMDG: International Maritime Code for Dangerous Goods
GHS: Globally Harmonized System of Classiication and Labelling of Chemicals
CAS: Chemical Abstracts Service (division of the American Chemical Society)
LCE0: Lethal concentration, 50 percent
LD50: Lethal dose, 50 percent
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Contd. of page 1}

g@ N; Dangerous for the environment

R51/53:  Toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment.

Muta. Cat. 3
“ Information concerning particular hazards for human and environment: Not applicable.
- Label elements
" Labelling according to Regulation (EC) No 1272/2008:

The substance is classified and labelled according to the CLP regulation.

 Hazard pictograms:

GHS06 GHS08 GHS09

- Signal word: Danger
- Hazard statements:
H300 Fatal if swallowed.
H341 Suspected of causing genetic defects.
H360D May damage the unborn child.
H411  Toxic to aquatic life with long lasting effects.
* Precautionary statements

P281 Use personal protective equipment as required.

pP273 Avoid release to the environment.

P301+P310 IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician.

P321 Specific treatment (see on this label).

P405 Store locked up.

P501 Dispose of contents/container in accordance with local/regional/national/international
regulations.

- Other hazards

* Results of PBT and vPvB assessment
- PBT: Not applicable.

- vPvB: Not applicable.

3 Composition/information on ingredients

- CAS No. Description:
66-81-9 Cycloheximide

- Identification number(s):

- EINECS Number: 200-636-0

* Index number: 613-140-00-8

—

| 4 First aid measures

- Description of first aid measures

- General information:

Immediately remove any clothing soiled by the product.

In case of irregular breathing or respiratory arrest provide artificial respiration.
' After inhalation:

In case of unconsciousness place patient stably in side position for transportation.
- After skin contact:

Immediately wash with water and soap and rinse thoroughly.

Remove contaminated clothing.

{Contd. on page 3)
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' E ' Page 1/8
o ”20 Safety data sheet
co according to 1907/2006/EC, Artlcle 31
Printing date 04.03.2011 Revision: 04.03.2011

1 Identification of the substance/mixture and of the company/undertaking

- Product identifier

- Trade name: Cycloheximide
* Synonyms:
Actidione, Naramycin A, 3-[2-(3,5-Dimethyl-2-oxocyclohexyl)-2-hydroxyethyljglutarimide

- Article number: ALX-380-269
+ CAS Number:
66-81-9
- EINECS Number:
200-636-0
- Index number;
613-140-00-8
- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

* Details of the supplier of the safety data sheet
- Manufacturer/Supplier:

Enzo Life Sciences international, Inc.

10 Executive Boulevard

Farmingdale, NY 11735

US.A.

msds@enzolifesciences.com

- Further informatlon obtainable from: Customer service
- Emergency telephone number: During normal opening times: +1 610-841-0430

2 Hazards identification

- Classification of the substance or mixture

- Classification according to Regulation (EC) No 1272/2008

{5& ., & GHS06 skull and crossbones
Mo,

Acute Tox. 2 H300 Fatal if swallowed.

f:

% GHS08 health hazard

p-
Muta. 2 H341 Suspecled of causing genetic defects,
Repr. 1B H360D May damage the unborn ch:ld

.’j oy
{L » GHS09 environment
""vr‘f'

Aquatic Chronlc 2 H411 Toxm to aquatlc Ilfe W|th Iong Iastlng effects

: Classmcatlon according to Dlreclive 67!548/EEC or Directive 1999145/EC
T+; Very toxic

R28: Very toxic |f swallowed

T, Toxic
Repr. Cat. 2
R61: May cause harm to the unborn child.

r‘“ o Hamfad
Lﬁ%' n, Rarmiu

R40-68: Limited evidence of a carcinogenic effect. Possible risk of irreversible effects.
(Conid. on page 2}
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide -_J

(Contd. of page 2}
Seek medical attention if symptoms appear.
- After eye contact:
Rinse opened eye for several minutes under running water. Then consult a doctor.
- After ingestion: Do not induce vomiting; call for medical help immediately.
*Information for doctor:
* Most important symptoms and effects, both acute and delayed
No further relevant information available.
" Indication of any immediate medical attention and special treatment needed
No further relevant information available.

- 5Firefighting measures

- Extinguishing media
- Suitable extinguishing agents:
CO2, powder of water spray. Fight larger fires with water spray or alcohol resistant foam.
- Special hazards arising from the substance or mixture
No further relevant informatfon avaitable,
- Advice for firefighters
' Protective equipment:
Woear self-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.

Wear fully protective suit.

6 Accidental release measures

- Personal precautions, protective equipment and emergency procedures:
Avoid formation of dust.
Wear protective clothing.
- Environmental precautions:
Inform respective authorities in case of seepage into water course or sewage system,
Do not allow to enter sewers/ surface or ground water.
* Methods and material for containment and cleaning up:
Dispose contaminated material as waste according to item 13.
- Reference to other sections
See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

7 Handling and storage

- Precautions for safe handling:
Thorough dedusting.
Open and handle receptacie with care.
- Information about fire - and explosion protection: Keep respiratory protective device available.

- Conditions for safe storage, including any incompatibilities

' Storage: .

' Requirements to be met by storerooms and receptacles:
Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
additional specific information).

" Information about storage in one common storage facility:
Keep away from heat, sources of ignition and incompatibles such as oxidizing agents,

- Further information about storage conditions:

Store under lock and key and with access restricted to technical experts or their assistants only,
(Contd. on page 4)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

{Contd. of page 3}

- Specific end use(s) No further relevant information available,

8 Exposure controls/personal protection

- Additional information about design of technical facilities: No further data; see item 7.

* Control parameters
* Ingredients with limit values that require monitoring at the workplace: Not raquired.
- Additional information: The lists valid during the making were used as basis.

- Exposure controls
- Personal protective equipment:
- General protective and hyglenic measures:

Keep away from foodstuffs, beverages and feed.
Immediately remove all solled and contaminated clothing
Wash hands before breaks and at the end of work,

Store protective clothing separately.

" Respiratory protection: Not requirad.
- Protection of hands:

Protective gloves

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.

Due to missing tests no recommendation to the glove material can be given for the productithe
preparation/the chemical mixture.

Selection of the glove material on consideration of the penetration times, rates of diffusion and the
degradation

- Material of gloves

The selection of the suitabte gloves does not anly depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

* Penetration time of glove material

The exact break through time has to be found out by the manufacturer of the protective gloves and
has to be observed.

- Eye protection:

py Tightly sealed goggles

9 Physical and chemical properties

: Infdrmatiqnﬁgn baéiﬁ physical and ﬂchemical propeﬁles “ !
- General Information i

i - Appearance;
: Form: Powder !
' Colour: White to yellow ;
- Odour; Characteristic i
- Odour threshold: Not determined. |
i pH-value: Not applicable. 1|
- Change in condition :
Meilting point/Melting range: 116 (Z)°C ;
g Boiling point/Boiling range: Undetermined. !

7 {Conld. an page 55
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Page 5/8

Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Contd. of page 4}

* Flash po}nt: Not applicable.
- Flammability (solid, gaseous): Product is not flammable.

- lgnition temperature:

-“.Segregation coefficient (n-octanoliwater): Not determined.

Decomposition temperature: Not determined,
- Self-igniting: Not determined. 1
: Danger of explosion: Product does not present an explosion hazard. I
' Explosion limits: !
Lower: Not determined. !
Upper: Not determined. 1_
* Vapour pressure; Not applicable. 1
- Density: Not determined.
- Relative density Not determined. 1
- Vapour density Not applicable. i
* Evaporation rate Not applicable.
— - e
- Solubility in / Miscibility with
water: Not determined.

- Viscosity:

Dynamic: Not appficable.

Kinematic: Not applicable. |
* Other information No further relevant information available. i

J S

- Reactivity

: Chemical'stability: Stable. Avold strong oxidizing agents.
- Thermal decomposition / conditions to be avoided:

No decomposition if used according to specifications.

' Possihbility of hazardous reactions: No dangerous reactions known.
- Conditions to avoid: No further relevant infarmation available.

* Information on toxicological effects

* Acute toxicity:

- LD/LCS0 values relevant for classification: ;

Oral[LD50[65 mg/kg {dog)
65 mgl/kg {guinea pig)
60 mg/kg (monkey) :
133 mg/kyg (mouse) i
2 mg/kg (rat)
LD50 14 mglkg (cat) (intraperitoneal}
1 mg/kg (dog) (intravenous)

60 mg/kg (guinea pig) {intraperitoneal)

{Contd_ on page 6)
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Page 6/8

Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Contd. of page 5
60 mg/kg (guinea pig) (subcutaneous) !

100 mg/kg (mouse) (intraperitoneal)
150 mgikg (mouse) {intravenous)
160 mg/kg (mouse) (subcutaneous)
3,7 mg/kg {rat) (intraperitoneal)

2 mg/kg (rat) (intravenous)

17 mg/kg (rabbit) {intravenous)

- Primary irritant effect: ' T

- on the skin: Not determined

- onh the eye: Not determined

- Sensitization: No sensitizing effects known.

- CMR effects (carcinogenity, mutagenicity and toxicity for reproduction)
Muta. Cat. 3, Repr, Cat. 2 J

12 Ecological information

* Toxlcity
- Aquatic toxicity: No further relevant information available.
- Persistence and degradability: No further relevant information available.

- Bioaccumulative potential: No further relevant information available.

- Mobility in soil: No further relevant information available.

- Ecotoxical effects:

- Remark: Toxic for fish

- Addltional ecological information:

' General notes:
Water hazard class 3 (German Regulation} (Assessment by list): extremely hazardous for water
Do not allow product to reach ground water, water course or sewage system, even in small
quantities.
Danger to drinking water if even extremely small quantities leak into the ground.
Also poisonous fer fish and plankton in water bodies.
Toxic for aguatic organisms

- Results of PBT and vPvB assessment

- PBT: Not applicable.

* vPvB: Not applicable.

13 Disposal considerations

- Waste treatment methods
- Recommendation:

Must not be disposed together with household garbage. Do naot allow product to reach sewage
system.

-Ungleaned packaging:
' Recommendation: Disposal must be made accarding to official regulations.

£y —
{Contd. on page 7}
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Contd. of page 6)

14 Transport information

, “-.rLa_n_d_ _iranspért ADR/RID (cross-berder) o B ]|

4 *ADR/RID class: 6.1 Toxic substances.

I - Danger code (Kemler): 66 :

| UN-Number: 2588 g

i - Packaging group: | ;
- Hazard label: 6.1 :
- Special marking: Symbal (fish and tree)

* UN proper shipping name: 2588 PESTICIDE, SOLID, TOXIC, N.O.S. {Cycloheximide)
* Tunnel restriction code  C/E )

| Maritime transport IMDG; _
. |
*IMDG Class: 6.1 ;
- UN Number: 2588
- Label 6.1 .
- Packaging group: i '
* EMS Number: F-A,5-A
* Marine pollutant; No

" Proper shipping name: PESTICIDE, SOLID, TOXIC, N.O.S. {Cycloheximide)
i~ Air transport ICAO-TI and IATA-DGR:

i
- ICAO/IATA Class: 6.1
- UN/ID Number: 2588
- Label 6.1

- Packaging group: I I
* Proper shipping name: PESTICIDE, SOLID, TOXIC, N.O.S, {Cycloheximide) :

- UN "Model Regulation": UN2588, PESTICIDE, SOLID, TOXIC, N.O.S., 6.1, |

- Environmental hazards: Environmentally hazardous substance, solid; Marine Pollutant

* Special precautions for user: Warning: Toxic substances.

* Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code: Not applicable.

15 Regulatory information

- Chemical safety assessment: A Chemical Safety Assessment has not been caried out.

16 Other information

This information is based on our present knowledge. However, this shall not contitut a guarantee
for any specific product features and shall not establish a iegally valid contractual relationship. For
research use only. Not for drug, household or other uses.

- Department issuing MSDS: Customer service
- Contact: tel. +1 610-941-0430

(Contd. on page 8}
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Conld. of page 7}

- Abbreviations and acronyms:

ADR: Accord européen sur le transport des marchandises dangereuses par Route (European Agreement concerning the

Intesnational Carriage of Dangerous Goods by Road)

RID: Réglement international concernant le transport des marchandises dangereuses par chemin de fer (Regulations

Concerning the Internationa! Transport of Dangerous Goods by Rai)

IMDG: International Maritime Code for Dangerous Goods

IATA: International Air Transport Association

IATA-DGR: Dangerous Goods Regulations by the “International Air Transpert Assaciation” (IATA}

ICAQ: International Civil Aviation Organization

ICAQ-TI: Technical Instructions by the "Intemational Civil Aviation Organization* {ICAO)

GHS: Globally Harmonized System of Classification and Labelling of Chemicals

EINECS: European Inventory of Existing Commercial Chemical Substances

CAS: Chemical Abstracts Service (division of the American Chemical Sociely)

LC50: Lethai concentration, 50 percent

LD50: Lethal dose, 50 percent

EU —



Page 4/5
Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 01.07.2011 Revision: 01.07.2011

' Trade name: MG-132

{
i

|
| | Segregation coefficient (n-octanol/water): Not determined.

i | - Viscosity:
. Dynamic: Not applicable.
| Kinematic: Not applicable.
. - Other information No further relevant information available.

10 Stability and reactivity

- Reactivity

- Chemical stability: Stable. Avoid strong oxidizing agents.
i - Thermal decomposition / conditions to be avoided:
i No decompasition if used according to specifications.

; - Possibility of hazardous reactions: No dangerous reactions known.
| - Conditions to avoid: No further relevant information available.

" Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known.

| * Information on toxicological effects

- Acute toxicity:

; * Primary irritant effect:

| * on the skin: Not determined

; - on the eye: Not determined

l - Sensitization: No sensitizing effects known.

- Additional toxicological information:

| When used and handled according to specifications, the product does not have any harmful effects
! to our experience and the information provided to us.

! The substance is not subject to classification according to the latest version of the EU lists.

12 Ecological information

!

i

|

| z
1

|

i

- Toxicity
- Aquatic toxicity: No further relevant information available.
- Persistence and degradability: No further relevant information available.

- Behaviour in environmental systems:

- Bioaccumulative potential: No further relevant information available.
- Mobility in soil: No further relevant information available.

" Results of PBT and vPvB assessment

j  PBT: Not applicable.

- VPvB: Not applicable.

i - Other adverse effects No further relevant information available.

E - Waste treatment methods
. - Recommendation: Smaller quantities can be disposed of with household waste.

(Contd. on page 5)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 01.07.2011 Revision: 01.07.2011

(Contd. of page 1)
* Information for doctor:
* Most important symptoms and effects, both acute and delayed
No turther relevant information available.
- Indication of any immediate medical attention and special treatment needed
No further relevant information available,

- Sultable extinguishing agents:
€02, powder or water spray. Fight larger fires with water spray or alcohol registant foam.
- Special hazards arising from the substance or mixture No further relevant information availabls.

- Advice for firefighters

- Protective equipment:
Wear self-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.
Wear fully protective suit.

i
i

|

i

H

L.
[
i

H

3

i

|

|

|

|

6 Accidental release measures

- Personal precautions, protective equipment and emergency procedures:
Avoeid formation of dust.
Wear protective clothing.
- Environmental precautions: No special measures required.
- Methods and material for contalnment and cleaning up: Pick up mechanically.
- Reference to other sections
No dangerous substances are released.
See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

= PR S

7 Handling and storage

- Precautions for safe handling: No special measures required.
" Information about fire - and explosion protection: No special measures required.

- Conditions for safe storage, including any incompatibilities
- Storage:
' Reqtrirements te be met by storerooms and receptacles:
Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
additional specific information),
" Information about storage in one common storage facility:
Keep away from heat, sources of ignition and incompatibles such as oxidizing agents,
- Further information about storage conditions:
Store under lock and key and with access restricted to technical experts or their assistants only.
- Specific end use(s) No further relevant information available.

8 Exposure controls/personal protection

* Ingredients with limit values that require monitoring at the workplace: Not required.
- Additional information: The lists valid during the making were used as basis.

{Contd. on page 3)
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E"Zg Safety data sheet
sl according to 1907/2006/EC, Article 31
Printing date 01.07.2011 Revision; 01.07.2011

- Trade name: MG-132
- S8ynenyms: Z-Leu-Leu-Leu-CHQ

- Article number: BML-PI102

- CAS Number;

- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

- Details of the supplier of the safety data sheet
- Manufacturer/Supplier:

- Further information obtainable from: Customer service
- Emergency telephene number: During normal opening times: +1 §10-941-0430

133407-82-6

Enzo Life Sciences International, Inc.
10 Executive Boulsvard
Farmingdale, NY 11735

U.S.A.

msds@enzolifesciences.com

‘2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation {EC) No 1272/2008

- Classification according to Directive 67/548/EEC or Directive 1999/45/EC: Not applicable.
- Information concerning particular hazards for human and environment: Not applicable.
- Label elements

* Labelling according to Regulation (EC) No 1272/2008: Void

* Hazard pictograms: Void

- Signal word: Void

- Hazard statements: Void

- Other hazards

- Results of PBT and vPvB assessment

- PBT: Not applicable.

- vPvB: Not applicable.

The substance is not classified according to the CLP regulation.

[ e e

'3 Composition/information on ingredients

- Chemical characterization: Substances
- CAS No. Description:

- Identification number({s); Not applicable

rrveaan R SR

133407-82-6 MG-132

i
Lo e e SR T -

4 First aid measures

- General information: No special measures required.

- After inhalatlon: Supply fresh air; consult doctor in case of complaints.

* After skin contact: Remove contaminated clothing.

- After eye contact: Rinse opened eye tor several minutes under running water.
- After ingestion: If symptoms persist consult doctor.

(Contd. on page 2)
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Safety data sheet
according t¢ 1907/2006/EC, Article 31

Printing date 01.07.2011 Revisicn: 01.07.2011

=

r

¢ Trade name: MG-132

(Contd. of page 2)

- Personal protective equipment:

- General protective and hyglenic measures:
The usual precautionary measures are to be adhered to when handling chemicals.

- Respiratory protection: Not required.

- Protection of hands:
The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.
Due to missing tests no recommendation to the glove material can be given for the product/ithe
preparation/the chemical mixture.
Selection of the glove material on consideration of the penetration times, rates of diffusion and the
degradation

- Material of gloves
The selection of the suitable gloves does not only depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

- Penetration time of glove material
The exact break through time has to be found out by the manufacturer of the protective gloves and
has to be observed.

- Eye protection: Not required.

_ 9 Physical and chemical properties

- Information on basic physical and chemical properties ' ;
- General Information

Explosion limits:

- Appearance:
Form: Solid
Colour: White .
- Odour: Characteristic :
- Odour threshoid: Not determined. i
. pH-vaVIue: ) Not applicable. 7
i~ Change in condition ‘
Melting peint’/Melting range: Undstermined. |
Boiling point/Boiling range: Undetermined.
- Flash point: Not applicable. }
- Flammability (solid, gaseous): Product is not flammable.
- Ignition temperature:
Decomposition temperature: Not determined. :
- Self-igniting: Not determined.

- Danger of explosion: Product does not present an explosion hazard.

Lower: Not determined. |

Upper: Not determined. |
- Vapour pressure: Not applicable.
- Density: Not determined.
* Relative density Not determined. !
- Vapour density Not applicable. |
- Evaporation rate Not applicable. !
- Solubility in / Miscibility with |

water: Insoluble.

~ {Contd. on pags 4)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 01.07.2011 Revision: 01.07.2011

(Contd. of page 4)

- Recommendation: Disposal must be made according to official regulations.

— e RS

14 Transport information

_ - UNNum_ber - Not applicable - . _ _ 1

- UN proper shipping name Not applicable
|« Transport hazard class(es) Not applicable
Packing group Not applicable o
- Environmental hazards: b
| - Marine pollutant: No i
__-:E[;;g_?a;l precautions for user: Not applicable. N

- Transport in bulk according to Annex Il of - - |
MARPOL73/78 and the IBC Code: Not applicable. |

16 Other information S i
This information is based on our present knowledge. However, this shall not constitute a guarantee

for any specific product features and shall not establish a legally valid contractual relationship. For
research use only. Not for drug, household or other uses.

- Department issuing MSDS: Customer service
: Contact: tel. +1 610-941-0430
- Abbreviations and acronyms:

GHS: Globally Harmonized System of Classification and Labelling of Chemicals
CAS: Chemical Abstracts Setvice (division of the Amarican Chemical Society}
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SIGMA-ALDRICH = T
Material Safety Data Sheet

Version 3.1
Revision Date 10/23/2010
Print Date 08/29/2011

1. PRODUCT AND COMPANY IDENTIFICATION

Product name : Calpain Inhibitor |

Product Number : AB185

Brand . Sigma

Product Use . For laboratory research purposes.

Supplier . 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

Telephone : +19058299500

Fax : +1 9058299292

Emergency Phone # (For : 1-800-424-9300

both supplier and

manufacturer)

Preparation Information :  Sigma-Aldrich Corporation

Product Safety - Americas Region
1-800-521-8956

2. HAZARDS IDENTIFICATION
Emergency Overview

WHMIS Classification
Not WHMIS controlled. Not WHMIS controlled.

Not a dangerous substance according to GHS.

HMIS Classification
Health hazard: 0
Flammability: 0
Physical hazards: 0

Potential Health Effects

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

Ingestion May be harmful if swallowed.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Synonyms : ALLN
MG-101
Ac-LLnL-CHO
N-Acetyl-Leu-Leu-Norleu-al
N-Acetyl-L-leucyl-L-leucyl-L-norleucinal

Formula © CogHa7N304
Molecular Weight : 383.53 g/mol
CAS-No. | EC-No. [ Index-No. [ Concentration

Calpain Inhibitor |
110044-82-1 | - [ -

Sigma - A6185 Page 1 of 6



4. FIRST AID MEASURES

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

fn case of skin contact
Wash off with soap and plenty of water.

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,

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 dafa available

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Avoid dust formation. Avoid breathing vapors, mist or gas.

Environmental precautions
Do not let product enter drains.

Methods and materials for containment and cleaning up
Sweep up and shovel. Keep in suitable, closed containers for disposal,

7. HANDLING AND STORAGE

Precautions for safe handling
Provide appropriate exhaust ventilation at places where dus! 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: -20 °C

Keep in a dry place.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

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

Respiratory protection

Respiratory protection is not required. Where protection from nuisance levels of dusts are desired, use type N85
(US) or type P1 (EN 143) dust masks. Use respirators and components tested and approved under appropriate
government standards such as NIOSH (US) or CEN (EU),

Sigma - AB185 Page 2 of 6



Hand protection

Handle with gloves. Gloves must be inspected prior to 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
Use equipment for eye protection tested and approved under appropriate government standards such as NIOSH
(US) or EN 166(EU).

8kin and body protection

Choose body protection in relation to its type, to the concentration and amount of dangerous substances, and to the
specific work-place., The type of protective equipment must be selected according to the concentration and amount
of the dangerous substance at the specific workplace.

Hygiene measures
General industrial hygiene practice.

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

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form powder
Colour white

Safety data

pH

Melting/freezing
point

Boiling point
Flash point
[gnition 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

no data available

10. STABILITY AND REACTIVITY

Chemical stability
Stable under recommended storage conditions.

Possibility of hazardous reactions
no data available
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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)

11. TOXICOLOGICAL INFORMATION
Acute toxicity

Oral LD50
no data available

Inhalation LC50
no data available

Dermal LLD50
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
ne 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)
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 raspiratory tract irritation.
Ingestion May be harmful if swallowed.

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

13. DISPOSAL CONSIDERATIONS

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

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.
Calpain Inhibitor | 110044-82-1
WHMIS Classification
Not WHMIS controlled. Not WHMIS controlled.

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.
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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 stip for additional terms and conditions of sale.
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r Trade qéﬁe: Y-27632 hydrocr}o‘ide

N

Page 3/6
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 08.12:2040———__ Revision: 08.12.2010

(Contd. of page 2)

. 6 Acclidental release measures

- Personal precautions, protective equipment and emergency procedures:

- Environmental precautions: No special measures required.
- Methods and material for containment and cleaning up:

- Reference to other sections

Avoid formation of dust.
Wear protective clothing.

Dispose contaminated material as waste according to item 13.
Ensure adequate ventilation.

See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

. 7Handling and storage

- Handling:
* Precautions for safe handling:

- Information about fire - and explosion protection: No special measures required.
- Conditions for safe storage, including any incompatibilities

- Storage:

- Requirements to be met by storerooms and receptacles:

- Information about storage in one common storage facility:

- Further information about storage conditions:

8 Exposure controls/personal protection
- Additional information about design of technical facilities: No further data; see item 7.

* Control parameters
* Ingredients with limit values that require monitoring at the workplace: Not required.
* Additional information: The lists valid during the making were used as basis.

- Exposure controls
- Personal protective equipment:
* General protective and hygienic measures:

- Respiratory protection:

- Protection of hands:

- Specific end use(s) No further relevant information available.

Prevent formation of dust.
Ensure good ventilation/exhaustion at the workplace.

Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
additional specific information).

Keep away from heat, sources of ignition and incompatibles such as oxidizing agents.

Keep container tightly sealed.
Store under lock and key and with access restricted to technical experts or their assistants only.

Keep away from foodstuffs, beverages and feed.
Wash hands before breaks and at the end of work.
Avoid contact with the eyes and skin.

In case of brief exposure or low pollution use respiratory filter device. In case of intensive or longer
exposure use self-contained respiratory protective device.

Protective gloves

(Contd. on page 4)
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EIIZO Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 08.12.2010 Revision: 08.12.2010

* Trade name: Y-27632 hydrochloride

- Synonyms: (R)-(+)-trans-N-{4-Pyridyl}-4-(1-aminosthyl)-cyclohexanecarboxamide . 2HCI

- Article number: ALX-270-333
- CAS Number:
146986-50-7
- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

- Details of the supplier of the safety data sheet
- Manufacturer/Supplier:

Enzo Life Sciences international, Inc.

10 Executive Boulevard

Farmingdale, NY 11735

U.S.A.

msds@enzolifesciences.com

' Further information obtainable from: Customar service
- Emergency telephone number: During normal opening times: +1 610-941-0430

‘2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008

AN
S Y
Y !/, GHS07
i.‘:
Acute Tox. 4 H302 Harmful if swallowed,
Acute Tox. 4 H312 Harmful in contact with skin.
VArcute Tox. 4 H332 Harmrfulﬂi[ inhaled. - o
' Csiﬂcation according to Directive 67/548/EEC or Directive 1999/45/EC;
I Xn; Harmful

e

R20/21/22-48:  Harmful by inhalation, in contact with skin and if swallowed. Danger of serious
damage to health by prolonged exposure.
* Information concerning particular hazards for human and environment: Not applicable.
" Label elements
- Labelling according to Regulation (EC) No 1272/2008:
The substance is classified and labslled according to the CLP regulation.
 Hazard pictograms;

- Signal word: Waming

- Hazard-determining components of labelling: Void
- Hazard statements:
H302 Harmful if swallowed.
H312 Harmful in contact with skin.
H332 Harmiul if inhaled.
: Precautionary statements
P261 Avoid breathing dust/fume/gas/mist/vapours/spray.

P280 Woear protective gloves/protective clothing/eye protection/fface protection.
(Contd. on page 2}
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Safety data sheet
according to 1907/2006/EC, Article 31
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Trade hame: Y-27632 hydrochloride

(Contd. of page 3)

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.
Due to missing tests no recommendation to the glove material can be given for the product/the
preparation/the chemical mixture.
Selection of the glove matetial on consideration of the penetration times, rates of diffusion and the
degradation

- Material of gloves
The selection of the suitable gloves does not only depsnd on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

- Penetration time of glove material
The exact break through time has to be found out by the manufacturer of the protective gloves and

has to be observed.
- Eye protection: Not required.

9 Physical and chemical properties

* Information on basic physical and chemical properties

- Genetral Informatlon
* Appearance;

Form:

Colour:
- Odour:

Not determined.
Not determined.

Charagctetistic

Not determined.

Not determined.

- Change in condition
Melting point/Melting range:
Boiling point/Boiling range:

Undeterimined.
Undetermined.

- Flash point:

Not applicable.

* Ignition temperature:

Decomposition temheratu;e:

Not determined.

- Self-igniting:

Not determined.

* Danger of explosion:

Product does not present an explosion hazard.

- Explosion limits:
Lower:
Upper:

Not determined.
Not determined.

* Vapour pressure:

Mot determined.

- Density:

- Relative density
- Vapour density

- Evaporation rate

Not determined.
Not determined.
Not determined,.

Not applicable.

- Solubility in / Miscibifity with
water:

Not determined.

. Segregati;n coefficient {n-octancl/water):

Not determined.

- Viscosity:
Dynamic:
Kinematic:

- Other information

Not datermined.
Not determined.
No further relevant information available.

By —d
(Centd. on page 5)
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Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 08.12.2010 Revision: 08.12.2010
‘ Trade name: Y-27632 hydrochloride
I {Contd. of page 1}
i P322 Specific measures (see on this iabel),
t

P301+P312 IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel unwell.
P304+P340 IF INHALED: Remove victim to fresh air and keep at rest In a position comfortable for

- Results of PBT and vPvB assessment
- PBT: Not applicable.
* vPvB: Not applicable.

i breathing.

| P501 Dispose of contents/container in accordance with local/regional/national/intermational
; regulations.

; - Other hazards

1

3 Composition/information on ingredients

‘ * Chemical characterization; Substances
- CAS No. Description:

146986-50-7 Y-27632 hydrochloride
- Identification number(s): Not determined

4 First aid measures

- Description of first aid measures
- General information:
Symptoms of polsoning may even oceur after several hours; therefore medical observation for at
least 48 hours after the accident.
- After inhalation;
Supply fresh air. If required, provide artificial respiration. Keep patient warm. Consult doctor if
i symptoms persist.
! In case of unconscicusness place patient stably In side position for transportation.
| - After skin contact:
| Immediately wash with water and soap and tinse thoroughly.
|
!
|

Remove contaminated clothing.
- After eye contact:
Rinse opened eye for several minutes under running water. Check for and remove contact lenses. If
symptoms persist, consult a doctor.
- After ingestion: Call for a doctor immediatsly.
" Information for doctor:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
" Indication of any immediate medical attention and special treatment needed
No further relevant information available,

- Suitable extinguishing agents:
! CO2, powder or water spray. Fight larger fires with water spray or alcohol resistant foam.
- Special hazards arising from the substance or mixture No further relevant information available.

- Advice for firefighters

j - Protective equipment:

| Mouth respiratory protective device.

? Wear self-contained respiratory protective device.

| Do not inhale explesion gases or combustion gases.
; Wear fully protective suit.

R e B
{Contd. on page 3)
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10 Stability and reactivity

- Reactivit
- Chemical stability: Stable. Avoid strong oxidizing agents.
- Thermal decomposition / conditions to be avolded;

- Possibility of hazardous reactions: No dangerous reactions known.

* Conditions to avoid: No further relevant information available.

- Incompatible materials: No further relevant information available.

- Hazardous decomposition products: No dangerous decomposition products known.

No decomposition if used according to spacifications.

11 Toxicological information

- Information on toxicological effects

- Acute toxicity:

- Primary Irritant effect:

- on the skin: No irritant effect.

- on the eye: No irritating effect.

- Sensitization: No sensitizing effects known,

- Aquatic toxicity: No further relevant Information available.
- Persistence and degradability: No further relevant information available.

- Behaviour in environmental systems:

- Bioaccumulative potential: No further relevant information available.
- Mobility in scil: No further relevant information available,

- Results of PBET and vPvB assessment

- PBT: Not applicable.

- vPvB: Not applicable.

- Other adverse effects No further relevant information available.

13 Disposal considerations

- Waste treatment methods
* Recommendation:

" Uncleaned packaging:
- Recommendation: Disposal must be made according to official regulations.

Must not be disposed together with household garbage. Do not allow product to reach sewage
system.

14 Transport information

- Maritime transport IMDG;

- Marine pollutant: No

- Special precautions for user: Not applicable.

- Transport in bulk according to Annex Ii of MARPOL73/78 and the IBC Code: Not applicable.

B R =l
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16 Other information

This informaticn is based on our present knowledge. However, this shall not constituts a guarante
for any specific product features and shail not establish a legally valid contractual relationship. For
research use only. Not for drug, housshold or other uses.

- Department issuing MSDS: Customer service
- Confact: tel. +1 610-841-0430
- Abbreviations and acronyms:
IMDG: International Maritime Code for Dangerous Goods
GHS: Globally Harmonized System of Classification and Labslling of Chemicals
CAS: Chemical Abstracts Service (division of the American Chemical Society) J
EY




BIO BASIC INC.
160 Torbay Road, Markham Ontario. L3R 1G6 Canada
Tel: (905) 474 4493, (800) 313 7224 Fax: (905) 474 5794
MATERIAL SAFETY DATA SHEET
REQUIRED UNDER SAFETY AND HEALTH REGULATION FOR SHIP REPAIRING

MANUFACTURER'S NAME: BIO BASIC INC.

TEL: (905) 474 5794
FAX: (416)995 9730
FOR CHEMICAL EMERGENCY: (416) 995 9730
ADDRIESS: 160 Torbay Road, Markham Ontario. L3R 1G6 Canada

UPDATED: May 2007

SECTION 1. ---neccnn CHEMICAL IDENTIFICATION- - - = - - - - -

CODE#: DB0O05S

NAME: DTT (DL-DITHIOTHREITOL)

SECTION 2, -- - -~ COMPOSITION/INFORMATION ON INGREDIENTS - - - - - -
CHEMICAL NAME: CAS#: RTECS #: %:

DL-DITHIOTHREITOL 3483-12-3 X08576500 >98 .5

FOR MORE INFORMATION SEE COMPLETE RTECS ENTRY.,

Ml C4H1002S2

EC NO: 248-531-9

SYNONYMS

2. 3-BUTANEDIOL, 1 4-DIMERCAPTO-, DL-THREO- * 2,3-BUTANEDIOL, 1 4-
DIMERCAPTO-, (R* R¥)- (+-)- (9CI) * CLELAND'S REAGENT # DL-THREO- | A-
DIMERCAPTO-2 3-BUTANEDIOL * (R* R*)-(+-)-1 4-DIMERCAPTO-2 3-
BUTANEDIOL #* DITHIOTHREITOL * DL-DITHIOTHREITOL * DL-1 4-
DITHIOTHREITOL * RAC-DITHIOTHREITOL *

SECTION 3. - - ----- oo HAZARDS IDENTIFICATION - - - - - - - - -

LABEL PRECAUTIONARY STATEMENTS

IRRITANT

IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN.

TOXIC

HARMFUL BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.
TARGET ORGAN(S):

CENTRAL NERVOUS SYSTEM

IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
WATER AND SEEK MEDICAL ADVICE.

WEAR SUITABLE PROTECTIVE CLOTHING.

SECTION A o s msrmmnz & FIRST-AID MEASURES- - - - - - - - - - -

IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS
AMOUNTS OF WATER.

IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS O
WATER FOR AT LEAST 15 MINUTES.

I INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS
CALL A PHYSICIAN.

DISCARD CONTAMINATED CLOTHING AND SHOES.

SECTION'S, -« smmmae FIRE FIGHTING MEASURES - - - - = = - - - -
EXTINGUISHING MEDIA

CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

Page 2 of 2
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EXPOSURLE CAN CAUSE:

NAUSEA, HEADACHE AND VOMITING

CNS DEPRESSION

CHRONIC EFFECTS

TARGET ORGAN(S):

CENTRAL NERVOUS SYSTEM

TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.
RTECS #: X08576500

THREITOL., 1,4-DITHIO-, DL-

TOXICITY DATA

ORL-RAT 1.D50: 400 MG/KG

IPR-MUS .D50:169 MG/KG IMCMAR 15,600,1972

SCU-MUS LIX50:333 MG/KG ARZNAD 22,1434,1972

IVN-MUS LD530:94 MG/KG ARZNAD 22,1434,1972

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES
(RTECS) DATA IS PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR
COMPLETE INFORMATION.

SECTION 12, - - - e e ae ECOLOGICAL INFORMATION - - - - - - - - - -

DATA NOT YIET AVAILABLE.

SECTION 13- - -- oo -2 DISPOSAL CONSIDERATIONS - - - -- - - - -

OBSERVE ALL FEDERAL, STATE AND LOCAL ENVIRONMENTAL REGULATIONS.
SECTION 14, -------- -0 TRANSPORT INFORMATION - - - - - - - - -

NOT REGULATED.

SECTION 15 -« - - o REGULATORY INFORMATION - - - - - - - - - -

EUROPEAN INFORMATION

TOXIC

R 23/24/25

TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.
IRRITANT

R 36/37/38

IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN,

S: 36/37/39

WLEAR SUITABLE FROTECTIVE CLOTHING, GLOVES AND EYE/FACE PROTECTION.
REVIEWS, STANDARDS, AND REGULATIONS

OEL=MAK
NOLS 1983: HZD X2950; NIS 1; TNF 35; NOS 3; TNE 627; TEE 436
SECTION 16.- - - - - - - - -~ OTHER INFORMATION- - - -« - - - - - - -

THIE ABOVE INFORMATION 18 BELIEVED TO BE CORRECT BUT DOES NOT PURPORT 1O
BE ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. BIO BASIC INC. SHALL
NOT

Bl 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.



WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING 10
PREVENT CONTACT WITH SKIN AND EYES.

USI: WATER SPRAY TO COOL FIRE-EXPOSED CONTAINERS.

UNUSUAL FIRE AND EXPLOSIONS HAZARDS

EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

SECTIONG. - - ------ ACCIDENTAL RELEASE MEASURES- - - - - - - - -

EVACUATIE AREA.

WEAR SELE-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY
RUBBER GLOVIES.

SWELP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.

AVOID RAISING DUST.

VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLIZTI:.

SECTION7. - - o m v e - HANDLING AND STORAGE-----------
REFER TO SECTION 8.
SECTIONE. ------ EXPOSURE CONTROLS/PERSONAL PROTECTION- - - - - -

WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.

USE ONLY IN A CHEMICAL FUME HOOD.

SAFETY SHOWER AND EYE BATH.

DO NOT BREATHE DUST.

2O NOT GET IN EYES, ON SKIN, ON CLOTHING.

AVOID PROLONGED OR REPEATED EXPOSURE.

WASH THOROUGHLY AFTER HANDLING.

KELP TIGHTLY CLOSED.

STORE IN A COOL DRY PLACE.

SECTION9. - - - - - -- PHYSICAL AND CHEMICAL PROPERTIES - - - - - - -
APPEARANCE AND ODOR
SOLID.

UNPLEASANT ODOR.

PHYSICAL PROPERTIES

MELTING POINT: 42 CTO 44 C

FLASHPOINT »230F

>110C

SECEION Hh - -~ v~ - - 1 STABILITY AND REACTIVITY - - - - - - - - -
STABILITY

STABLI:.

INCOMPATIBILITIES

BASES

OXIDIZING AGENTS

REDUCING AGENTS

ALKALI METALS

MAY DECOMPOSE ON EXPOSURE TO MOIST AIR OR WATER.
HAZARDOUS COMBUSTION QR DECOMPOSITION FRODUCTS
TOXIC FUMIES OF:

CARBON MONOXIDE, CARBON DIOXIDE

SULFUR OXIDES

HYDROGEN SULFIDE GAS

HAZARDOUS POLYMERIZATION

WILL NOT OCCUR.

SECTION11.-----nan-- TOXICOLOGICAL INFORMATION - - - -~ - - -
ACUTLE EIFFECTS

HARMIUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.
CAUSES 1YL AND SKIN IRRITATION.

MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND UPPER
Page 3ol 3
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according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

- Product identifier

* Trade name: Bafilomycin A1

- Article number: BML-CM110

- CAS Number:

- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

- Details of the supplier of the safety data sheet
- Manufacturer/Supplier:

- Further information obtainable from: Customer service
- Emergency telephone number: During normal opening times: +1 610-941-0430

88899-55-2

Enzo Life Sciences International, Inc.
10 Executive Boulevard
Farmingdale, NY 11735

U.S.A.

msds@enzolifesciences.com

. 2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008

- Classification according to Directive 67/548/EEC or Directive 1999/45/EC:

- Information concerning particular hazards for human and environment: Not applicable.
- Label elements
- Labelling according to Regulation (EC) No 1272/2008:

- Hazard pictograms:

* Signal word: Warning
- Hazard statements:

- Precautionary statements

,.f"!m""‘.;

{ !f,s GHS07

o

Skin Irrit. 2 H315 Causes skin irritation.

Eye Irrit. 2 H319 Causes serious eye irritation.
STOT SE 3 H335 May cause respiratory irritation.

rad
,
4,

Al

i; Irritant

Fi36}37.’38: Irritating to eyes, respiratory system and skin.

The substance is classified and labelled according to the CLP regulation.

Y, @
by,
Yyt

GHS07

H315 Causes skin irritation.
H319 Causes serious eye irritation.
H335 May cause respiratory irritation.

P261 Avoid breathing dust/fume/gas/mist/vapours/spray.

P280 Wear protective gloves/protective clothing/eye protection/face protection,

P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact
lenses, if present and easy to do. Continue rinsing.

P321 Specific treatment (see on this label).

(Contd. on page 2)
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Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 03.02.2011 Revision: 03.02.2011
" Trade name: Bafilomycin A1
I (Contd. of page 1)
' P405 Store locked up.
P501 Dispose of contents/container in accordance with localiregional/national/

international regulations.
- Other hazards
‘ Results of PBT and vPvB assessment
- PBT: Not applicable.
- vPvB: Not applicable.

3 Composition/information on ingredients

- Chemical characterization: Substances
- CAS No. Description:

88899-55-2 Bafilomycin A1
- Identification number(s): Not applicable

-4 First aid measures

- Description of first aid measures
- After inhalation: In case of unconsciousness place patient stably in side position for transportation.
- After skin contact:
Immaediately wash with water and soap and rinss thoroughly.
Remove contaminated clothing.
i - After eye contact:
: Rinse opened eye for several minutes under running water. Chack for and remove contact lenses. If
symptoms persist, consult a doctor.
- After ingestion: If symptoms persist consult doctor.
- Information for doctor:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
- Indication of any immediate medical attention and special freatment needed
No further relevant information available.

5 Firefighting measures

- Extinguishing media
- Suitable extinguishing agents:
CO2, powder or waler spray. Fight larger fires with water spray or alcohol resistant foam.
- Special hazards arising from the substance or mixture No further relevant information available.
- Advice for firefighters
: - Protective equipment:
f Wear self-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.

Wear fully protective suit,

6 Accidental release measures

- Personal precautions, protective equipment and emergency procedures:
Wear protective clothing,
: - Environmental precautions: No special measures required.
- Methods and material for containment and cleaning up:
Absarb with liquid-binding material (sand, diatomite, acid binders, universal binders, sawdust),
Ensure adequate ventilation,
* Reference to other sections
See Section 7 for information on safe handling.
See Section & for information on persenal protection equipment.

(Contd. on page 3)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

Trade name: Bafilomycin At

(Contd. of page 4)
- Conditions to avoid: No further relevant information available.
* Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known.

- Information on toxicological effects

- Acute toxicity:

- Primary irritant effect:

- on the skin: [rritant to skin and mucous membranes.
- on the eye: Irritating effect,

- Sensitization: No sensitizing effects known.

12 Ecological information

- Toxieity

- Aquatic toxicity: No further relevant information available.

- Persistence and degradability: No further relevant information available.
- Behaviour in environmental systems:

- Bioaccumulative potential: No further relevant information available,

- Mobility in soil: No further relevant information available,

: Results of PBT and vPvB assessment

- PBT: Not applicable.

- ¥PvB: Not applicable.

- Other adverse effects No further relevant information available.

13 Disposal considerations

- Waste treatment methods

- Recommendation:
Must not be disposed together with household garbage. Do not allow product to reach sewage
system.

- Uncleaned packaging:
- Recommendation: Disposal must be made according to official regulations.

14 Transport information

* Maritime transport IMDG:

- Marine pollutant: No

- $pecial precautions for user: Not applicable.

* Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code: Not applicable,

15 Regulatory information

- Chemical safety assessment: A Chemical Safety Assessment has not been carried out,

[ B i LGB ) §

16 Other information

This information is based on our present knowledge. However, this shall not constitute guarante
for any specific product features and shall not establish a legally valid contractual relationship. For
research use only. Not for drug, household or other uses.

- Department issuing MSDS: Customer service

(Contd. on page &)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

(Contd. of page 2)

- Precautions for safe handling:
Ensure good ventilation/exhaustion at the workplace.
Prevent formation of aerosols.
- Information about fire - and explosion protection: No special measures required.

- Conditions for safe storage, including any incompatibilities
- Storage:
* Requirements to be met by storerooms and receptacles:

* Information about storage in one common storage facltity:

- Further information about storage conditions:

- Specific end use(s) No further relevant information avaitable.

Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
additional specific information).

Keep away from heat, sources of ignition and incompatibles such as oxidizing agents.

Keep container tightly sealed.
Store under lock and key and with access restricted to technical experts or their assistants only.

"8 Exposure controls/personal protection

- Additional information about design of technlcal facilities: No further data; see item 7.

- Control parameters
" Ingredients with fimit values that require monitoring at the workplace: Not required.
- Additional information; The lists valid during the making were used as basis.

- Exposure controls
- Parsonal protective equipment;
- General protective and hygienic measures:

- Respiratory protection:

- Protection of hands:

- Material of gloves

" Penetration time of glove material

Keep away from foodstuffs, beverages and feed.
Immediately remove all soiled and contaminated clothing
Wash hands before breaks and at the end of work.
Avoid contact with the eyes and skin.

In case of brief exposure or low pollution use respiratory filter device. In case of intensive or longer
exposure use self-contained respiratory protective device.

B Protective gloves

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.

Due to missing tests no recommendation to the glove material can be given for the product/the
preparation/the chemical mixture.,

Selection of the glove matetial on consideration of the penetration times, rates of diffusion and the
degradation

The selection of the suitable gloves does not only depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

The exact break through time has to be found out by the manufacturer of the protective gloves and
has to be observed.

{Contd. on page 4)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02,2011

]

' Trade hame; Bafilomycin A1

* Eye protection:

v / § Tightly sealed goggles

{Contd. of page 3)

- Information on basic physical and chemical properties

- General Information
- Appearance:

Form:
Colour:

- Odour:
- Odour threshold:

- pH-value:

Cily
Colourless
Characteristic

Not determined. B

Not determined.

- Change in condition

Melting point/Melting range:
Boiling point/Boiling range:

Undetermined.
Undetermined.

o Flash point:

Not applicable.

- Flammability (solid, gaseous):

Not applicable.

- Self-igniting:

- Danger of explosion;

ignition temperature:

Decomposition temperature:

Not determined. )

Not deternﬂiﬁéd.

Product does not present an explosion hazard,

el e i

- Explosion limits:

Lower:
Upper:

Not determined.
Not determined.

- Vapour pressure:

Not determined.

: Density:

* Relative density
* Vapour density

- Evaporation rate

Not determined.
Not determined.
Not determined.
Mot determined.

- Solubility in / Miscibility with

water:

Not determined.

- Segregation coefficient (n-octanol/water):

Not determined.

- Viscosity:

Dynamic:
Kinematic:

Not determined.
Not determined.

No further rslevant information available.

10 Stability and reactivity

- Reactivity
- Chemical stability: Stable. Avoid strong oxidizing agents.
- Thermal decomposition / conditions to be avolded:

No decomposition it used according to spacifications.

- Possibility of hazardous reactions: No dangerous reactions khown,

(Contd. on page 5)

.
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

Trade name: Bafilomycin A1

i (Contd. of page 5)
{ - Contact: tel. +1 610-941-0430

- Abbreviations and acronyms:
IMDG: International Maritime Cede for Dangetous Goods
GHS: Globally Harmonized System of Classification and Laballing of Chemicals
CAS: Chemical Abstracts Servics (division of tha Amarican Chemical Society)




Conforms to 03/112°FC and SO L0110

SAFETY 1 CALBIOCHEM'®

Order Number 3973698-0 Customer Number 6110504

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

Product name . Phorbol-12-myristate-13-acetate Catalog # 1 524400

Supplier : EMD Biosciences, Inc
10394 Pacific Center Court

Chemical formula ¢ CxHs0s San Diego, GA 92121
PHONE: (858)450-5558/(800)854-3417
FAX: (858)453-3552
Synonym 1 PMA; TPA
13-0O-Acetylphorbol 12-myristate
Factor A1

Phorbol Acetate, myristate
Pherbol monoacetate monomyristate
Phorbol myristate acetate

Fanevneney telephone
wnnbpy

2. Composition / information on ingredients

Substanee/Preparation : Substance
Chemical pame® CAS No. EC Number Symbol R-Phrases
12-tetradecanoylphorbol-13-acetate 16561-29-8 Not available, Xn R21, R38

3. Hazards identification

Physical/chemical bazards + Not applicable.

Husnan health hazirds : CAUTION!

MAY BE HARMFUL IF ABSORBED THROUGH SKIN.
MAY CAUSE SKIN IRRITATION.

4, First-aid measures

Lirst-Aid measures

Inhalation - If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult. give oxygen Get medical
attention.
Tugestion 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.

Skin Contuct ¢ In case of contact, immediately 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
attention.

Eve Contact ¢ Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for al least 15

minutes. Get medical attention.

LEifects and svinptomns

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

3. Fire-fighting measures

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

Extinguishing Media

Suitable © SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use waler spray, fog or foam. Do not use water jet.
Ttazardous thermal (dejcomposition : These products are carbon oxides {CO, CO2).
products
Special fire-fighting procedures - Fire fighters should wear positive pressure self-contained breathing apparatus (SCBA) and full urnout gear.
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Protection of fize-lighicrs : Be sure lo use an approved/certified respirator or equivalent.

6. Accidental release measures

Personal precautions ¢ Splash goggles. Fuil suit Dust respirator. Boots. Gloves. A self-contained breathing apparatus shouid be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this

product,
Small Spifl und Leak

Large Spill and Feak . Use a shovel o put the material into a convenient waste disposal container.

Use appropriate tools to put the spilled solid in a convenient waste disposal container.

7. Handling and storage

Handbing

Storage

FPackaging mateiipls
Recommended use : Use original container.

Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk. evaporale the residue under
a fume hood. Ground all equipment containing material. Do not ingest. Do not breathe dust  Avoid contact with skin.
Wear suitable protective clothing, If ingested, seek medical advice immediately and show the container or the |label.

Keep container tightly closed, Keep container in a cool, well-ventilated area. Do not store above -20°C {-4°F).

8. Exposure controls/personal protection

Engineering measores i Use process enclosures, local exhaust ventilation, or other engineering cantrols to keep airborne levels below
recommended exposure limits, If user operations generate dust, fume or mist, use ventilation to keep exposure to airbarme

confaminants below the exposure limit,

Hygiene measures

Wash hands, forearms, and face thoroughly after handling compounds and before eating. smoking. using lavatory, and at

the end of day.
Lupgeedicnt Name Occapational Exposure Lhmits
Phorbol-12-myristale-13-acelate Not available.
Personal protective equipment
Respiratory system - Dust respirator. Be sure to use an approved/cedified respirator or equivalent.
Skin and body : Lab coal.
Hands : Cloves.
Eves : Safety glasses.

Protective Clothing (Mictograms; . 'f
oo L

9. Physical and chemical properties

Physical state : Solid

Color : White,

Malecular Weight + 616.8 g/mole

Medting Point : 50 1o 70°C (122 to 158°F)

Solubility : Not available,

Flash point i Not available.

Explasive propertics - Risks of explosion of the product in presence of mechanical impact: Not available.

Risks of explosion of the preduct in presence of static discharge: Not available.

10. Stability and reactivity

Stabitity : The product is stable.
Condittous te avoid - Not available.
Hazardous Becomposition Prosdacty : These products are carbon oxides {CO, CO2).

Cutajog 4 524400
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11. Toxicological information

RYLECS i - QII3TT000
Local elfects
Skiu irritation : Hazardous in case of skin contact {irritant).
Acute toxicity : LD50: Not available.
LC50: Not available,
Chranie Losieity * Repeated or prolonged exposure is not known to aggravate medical condition.
Other Toxic Effects om Huens + Not available.

Hazardous in case of skin contact (irritant, permeator).

Not available.

Not available.

Carcinogeric effects : Nat available.
Mutagenic edfects + Mot available.
Reproduction lovicits : Not available,
Teratageniv effects : Not available.

12, Ecological information

Eeotoxieity : Not available.

Toxicity of the Progucts of ¢ The products of degradation are less toxic than the product itself,
Biodegradation

13. Disposal considerations

Methods of disposal: Maste of cesidues: @ Waste must be disposed of in accordance with federal, state and local environmental control regulations
Contaminated packaging

14, Transport information

lnicrpational franspori regulaiings

Lapd - RoadRadlvas

ARG Class : Not controlled under ADR (Europe).
PMBG Class : Not controlled under IMDG.

Air
TATA-DGR Class . Not controlted under IATA.

Special Provistans for Nat applicable.

Transport

15. Regulatory information

L1 Regilations

Hazard syinbolis)

Classification

Risk Phrases : R21- Harmful in contact with skin.
R38- Iritating to skin.
Safety Thrases © 526- In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

§27- Take off immediately all contaminated clothing.
536- Wear suitable protective clothing.

545- In case of accident or if you feel unwell, seek medical advice immediately (show the label where possible}
Contains - 12-tetradecancylphorbol-13-acetate
LLS, Federad Heguladivus

TSCA: No products were found.

SARA 302/304/311/312 extremely hazardous substances: No products were found.
SARA 302/304 emergency planning and notification: 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 toxic chemical notification and release reporting: No products were found.
Clean Water Act (CWA} 3067: No products were found.

Clean Water Act (CWA} 311: No products were found.

Clean arr act (CAA) 112 accidental release prevention: No products were found.
Clean air act (CAA) 112 regulated flammable substances: Ne products were found.
Clean air act (CAA) 112 regulated toxic substances: No products were found.
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S Classification : CLASS: Imitating substance.
CLASS: Targel organ effects.

state Repulations

WHMIS (Canaela) : Not controlied under WHMIS {Canada).

No products were found,

16. Other information

1Fazardous Materjal
Information System
{(U.S.A

National Fire
Protection Association
({L.S.AD flealth

Personal Protection E

Notice to Reader

To the best of onr kuowledge, the information conained herein is accarate. However, neither the above nanted supplier nor any of its subsidiarivs asywntes any
tiability whatsoever for the accuracy or completeness of the information contained herein,

Final determination of suitability of auy material is the sole responsibility of the nser. Al materials may present unknown hagards and stiould be aved with
caution. Althongh certain hazands are deseribed hercin, we cannot guarantee thet these are the only hazards that exist. ** This produce is intended for research
se onip **

Cataloy # 524400 Date of issue /272006, l
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Conforms to 937412/ EC and 150 titl4-1

®
SAFETY DATA SHEET CALBIOCHEM

Order Number Customer Number

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

Product name ¢ TAPI-0 Catalog # ;579050
Supplier : Manufactured by EMD Biosciences Inc.
Chienieaifarmul CasHasN.Os 10394 Pacific Center Court

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

Synonym : N-(R)-[2-Hydroxyaminocarbonyl )methyl]-4-methylpentanoyl-L-naphthyla

Amide;
TNF-alpha Protease Inhibitor-0

Emergency taepbone

mmber
2.  Composition / information on ingredients

Substance/Preparation :  Subslance

Chemicaf namne® CAS No. EC Number Symbol R-Phrases

N-(R)-[2-Hydroxyaminocarbonyl )methyl}-4-methylpentanoyl-L-nag Not available. | - -

Amide;

TNF-alpha Protease Inhibitor-0

3. Hazards identification

Physical/chemical hazards : Not applicable.

Human health hazards - No specific hazard.

4.  First-aid measures

First-Aid measures.
Inhalation ¢ Ifinhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult. give oxygen. Get medical

attention.

Ingestion : Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth 1o 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 Contiet ¢ In case of contact, immediately flush skin with plenty of water. Remove contaminated clothing and shoes. Wash clothing
before reuse. Thoroughly clean shoes before reuse. Get medical attention.
Eve Contact : Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15

minutes. Get medical attention.

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

5. Fire-fighting measures

Flammability of the Product : May be combuslible at high temperature.
Extinguishing Media

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

Huzardous theval (deleoipusition + These producls are carbon oxides (CO, CO2), nitrogen oxides (NO, NO2...).

products

Speeial fire-fighting procedures . Fire fighters should wear positive pressure self-contained breathing apparatus (SCBA) and full turnout gear.
Protection of fire-lighters - Be sure to use an approved/certified respirator or equivalent,
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6. Accidental release measures

Persanal precautions : Splash goggles. Full suit Boots. Gloves. Suggested proteclive clothing might not be sufficient; cansull a specialist
BEFORE handling this product.

Small $pill and !eak . Use appropriate tools to put the spilied solid in a convenient waste disposal container.

Large Spill and Lead . Use a shovel to put the material inte a convenient waste disposal container.

7. Handiing and storage

Handling : Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk. evaporate the residue under
a furme hood. Ground all equipment containing material. Do not breathe dust.
Storage ¢ Keep container tightly closed. Keep container In a cool, well-ventilated area. Do not store above -20°C (-4°F).
Packaging wmateriznls
Recommended ose : Use onginal container,

8. Exposure controls/personal protection

Eoptneeriog imensares : Use process enclosures, local exhaust ventilation, or other engineering controls tc keep arrborne levals below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airbome
conlaminanis below the exposure limit.

Hygiene measures . Wash hands afler handling compounds and before eating, smoking, using lavatory, and at the end of day.
Ingredient Naww Qeeupational Exposare Limiis
TAPIQ Not available.

Personal protective egnipment
Skin and bady : Lab coat.
Eves : Safety glasses.

oo 4

Protective Clothing {ictograms)

9. Physical and chemical properties

Mivsteal siae : Solid. {Salid powder.)

Color ¢ White

Moleeular Weight : 456.5 g/mole

Solubifity : Not available.

Flash point : Not available.

Laplosive properijes . Risks of explosion of the product in presence of mechanical impact; Not available.

Risks of explosion of the product in presence of static discharge: Not available.

10. Stability and reactivity

stahility . The product is stable,
Conditions to avoid . Hygroscopic; keep container tightly closed. Sensitive to light.
Hazardous Becomposition 'roducts : These preducts are carbon oxides {CO, CO2), nitrogen oxides (NO, NO2...).

11. Toxicological information

RTECS # 1 Nol available,

Logal effects

Skin irrilution - Not available.
Acute toxicity : LD50: Not avallable,
LC50: Not available.
Chroenic toxicily . Repeated or prolonged sxposure is not known to aggravate medical condition.
Otber Toade Effeets o0 Humuns : Not available,

No specific informatien is available in our database regarding the other toxic effects of this material for humans

Nol available.
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To the best of our knowledge, the toxicological properties of this product have not heen thoroughly investigated

Carcinvgenic offects : Mot available.
Mutageuie effevis : Not available.
Reproduction tovicie . Not available.
Teratogenic effects : Not available.

12. Ecological information

Eeotoxicity : Mot available.
Toxicity of the Produects of : The praduct itself and its products of degradation are not toxic.
Biodegradation

13. Disposal considerations

Methods of dlsposud: Wante ofvesidues: ¢+ Waste must be disposed of in accordance with federal, state and local environmental control reguiatons
Congaminted pavkaging

14. Transport information

loternationa! ranypor| regulutions
Eand - Read/Railwas

ADR/RID Class = Not controlled under ADR (Europe).
INIINES Class : Not controlled under IMDG.
IATA DGR Claws : Net controlled under |ATA.

Special Provisions Tor Not applicable.

Transpors

15. Regulatory information

LY Regulations

Risk Phrases : This product is not classified according to the EU reguiations.
.S, Federal Reculadjons © TSCA: No products were found.

SARA 302/304/311/312 extremely hazardous substances: No products were found.

SARA 302/304 emergency planning and notification: 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 toxic chemical notification and release reporting: No products were found.

Clean Water Act {CWA) 307: No products were found.

Clean Water Act (CWA) 311: No products were found.

Clean air act (CAA) 112 accidental release prevention: No products were found.
Clean air act (CAA) 112 regulated fiammable substances: Na products were found.
Clean air act (CAA) 112 regulated toxic subsiances: No products were found.

NCS Clussification : Not controlled under tha HCS (United States).

State Regulativns

WHIMIS (Canadu) : Not controlled under WHMIS (Canada).
No products were found.

16. Other information

¥ National Fire
Protection Association
(L.S.A Yealkth

Hazardous Material
Infornuution System
(U.5.A)

Fire Hazace

Heaian

Reactivity {

Sgvitn Har
Fersonal Protection A it r

Notice to Reader

To tite best of anr knowiedge, the information confained ltercin is acewrate, However, neither the above named supplier nor anty of its subsidiariey wssiones any
liability whatseever for the wecnracy or completeness of the informiation coutained herein.
Final determination of suitebility of any material is the sole responsibitisy aof the user. All materials may present nurknown hazards and shawld be wsed witkh

cantion. Althongh certgin hazards are described herein, we cannot grarantee that these are the only hazards that exist. **This product is inrended Jor research
tse only. **
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Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:
7333000 pgrkg X 50 kg/person
Dose per person based on LD g in ug = 366650000
LDg, per person with safety factor of 10 based on LDy, in Hg = | 36665000 '

Comments/Recommendations:




TOXIN USE RISK ASSESSMEN

Name of Toxin:

Proposed Use Dose: : 9 Ug

Proposed Storage Dose: 5000 LIg

LD 5, (species):

Calculation:
400 pg/kg X

Dose per person based on LD, in pg = 20000

50 kg/person

LDg, per person with safety factor of 10 based on LDs; in ug =

2000

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: 1000000 ug

LD 5, (species): 2000 pg

Calculation:
2000 pg/kg X

Dose per person based on LD g, in ug = 100000

50 kg/person

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

10000

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: 1000 ug

LD 4, (species): Unknown ug

Calculation:
Unknown Ma/kg X 50 kg/person

Dose per person based on LD 4 in Mg =

LDs, per person with safety factor of 10 based on LDy, in ug = 0

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:
Unknown Mg/kg X

Dose per person based on LD gy in ug =

50 kg/person

LD;, per pei'son with safety factor of 10 based on LDj; in Hg =

| -

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

ICalculation:
Unknown Hg/kg X 50 kg/person

Dose per person based on LD gy in pg =

LD, per person with safety factor of 10 based on LDs, in pg = (1]

Comments/Recommendations:




TOXIN USE RISK ASSESSMENT

Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: | 500000016

LD 4 (species):

Calculation:
400000 ug/kg X 50 kg/person
Dose per person based on LD 4 in ug = 20000000
LDs, per person with safety factor of 10 based on LDg, in pg = 2000000

Comments/Recommendations:




I

Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:
Unknown Ha/kg X 50 kg/person

Dose per person based on LD g in ug =

ED;O per person with safety factor of 10 based on _LDso 'In Hg =

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: 1000 Lg

LD 5, (species): Unknown ug

Calculation:
Unknown Ma/kg X 50 kg/person

Dose per person based on LD g, in ug =

LDs, per person with safety factor of 10 based on LDso in ug B

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: | 1000 g

LD 5, (species): Unknowr Hg

Calculation:
Unknown Hg/kg X

Dose per person based on LD g in ug =

50 kg/person

LD per'person with saféty factor of 10 based on LDy, in pg =

Comments/Recommendations:




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

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

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

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

Completed forms are to be returned to Occupational Health and Safety, (OHS), (Support Services Building,
Room 4190) for distribution to the Biohazard Subcommittee. For questions regarding this form, please contact
the Biosafety Officer at extension 81135 or biosafety@uwo.ca. If there are changes to the information on this

form (excluding grant title and funding agencies), contact Occupational Health and Safety for a modification form.
See website: www.uwo.ca/humanresources/biosafety

PRINCIPAL INVESTIGATOR - L AKSHMAN Gy Na 2 AT A~ AN

DEPARTMENT MEo e RuE

ADDRESS Y00  WESTERN AD

PHONE NUMBER S19-bl =2\, FxT. FLULD

EMERGENCY PHONE NUMBER(S) 5/9- 6%b-41FY , 22 6-463-133

EMAIL LynAl 670 Jw o A

Location of experimental work to be carried out: Building(s) __ $D .1 Room(s) 230,224, 2.3 |

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

FUNDING AGENCY/AGENCIES, k28 8C En~T /K Soc SutmITT ED START—0UP
GRANT TITLE(S): _Mec humarsatf nhibihon  of dange o Q,Mﬂ\mm”
g e Ml 4—on ﬁ/ﬂkV\J *(“Q_\ 20 j?ng\ ha /LIFAV\(;}J.«S{A%.

»/{Jn ﬂ\k‘[ —_ l

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

Names of all personnel working under Principal Investigators supervision in this location:
Xizhona Arand mo, 4AND)

e L ,d/s.sc

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



1.0 Microorganisms

1.1 Does your work involve the use of biological agents? @’ﬁES O NO
(including but not limited to bacteria and other microorganisms, viruses, prions, parasites or pathogens of plant or
animal origin)? If no, please proceed to Section 2.0
i
Do you use microorganisms that require a permit from the CFIA? O YES @ NO

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

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

1.2 Please complete the table below:

Name of Isitknown | Isitknown | Isitknown | Maximum Source/ PHAC or
Biological to be a to be an to be a quantity to Supplier CFIA
agent(s)* human animal zoonotic be cultured Containment
pathogen? | pathogen? | agent? at one time? Level
YES/NO YES/NO YES/NO (in Litres) N
: O Yes O Yes O Yes ha @102 03
£ o ls oG | OAG ®No 2L Trvhogens
Covame v in ]
©-Yes & Yes O Yes i o BOG | timnptrsed | © T B2 OB
Leahvvwn O No O No @MNo ST )  a
O Yes O Yes O Yes » 010203
O No O No O No
O Yes O Yes O Yes Q102 03
O No O No O No

*Please attach a Material Safety Data Sheet or equivalent from the supplier.
2.0 Cell Culture

2.1 Does your work involve the use of cell cultures? @'ﬁs O NO
If no, please proceed to Section 3.0

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

Cell Type Is this cell type used Source of Primary Cell AUS Protocol Number
in your work? Culture Tissue
Human OYes @No Not applicable
Pl
Rodent @Yes O No Mowse ki clvw,n, 20l 0-03) thlmb

S‘n'la,ﬁLv\’; blac c-k/bz‘.rmm,

Non-human primate OYes oo

Other (specify) OYes Mo

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



2.3 Please indicate the type of established cells that will be grown in culture in:

Cell Type s this cell type used | Specific cell line(s)* Supplier / Source
in your work? s s
Human Gy{es O No 86-0 361 €, nepo | AT
Rodent @Yes ONo LT, apnc O3 /SASTH AT
CMY a2 s PVl R O
Non-human primate O Yes O No & ’ 4
Other (secify) es  ONo LL R, -

*Please attach a Material Safety Data Sheet or equivalent from the supplier. (For more information, see

www.atcc.org)

2.4 For above named cell types(s) indicate PHAC or CFIA containment level required O1 O2 O3

3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? O YES QA0
If no, please proceed to Section 4.0
3.2 Indicate in the table below the Human Source Material to be used.
Human Source Source/Supplier Is Human Source Name of PHAC or CFIA
Material /ICompany Name | Material Infected Infectious Containment
With An Infectious Agent (If Level (Select
Agent? applicable) one)
YES/INO
Human Blood (whole) or O Yes O No
other Body Fluid O Unknown 01 0z O3
Human Blood (fraction) O Yes O No
or other Body Fluid QO Unknown 01 02 03
Human Organs or O Yes O No
Tissues (unpreserved) O Unknown 01 02 O3
Human QOrgans or . .
Tissues (preserved) Not Applicable Not Applicable

4.0 Genetically Modified Organisms and Cell lines

4.1 Will genetic modificatig
1.0 and 2.0? @)é;

4.2 Will genetic modification(s) involving plasmids be done?

ONO

be made to the microorganisms, biological agents, or cells described in Sections

If no, please proceed to Section 5.0

&rVES, complete table below O NO

Bacteria Used for | Plasmid(s) * Source of Plasmid | Gene Transfected | Describe the change
Cloning * that results
@1’[5 J;) E\(.al( PC{)NPr'S (.ow\mern‘,t‘\i < iM“ ' Unlene D“wg’?ﬂ*’i“

Fachies phesoiyhai
ot m{J,u.‘o‘}U'}'l e Skl i

* Please attach a Material Data Sheet or equivalent if available.

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




4.3 Will genetic modification(s) involving viral vectors be made? O YES, complete table below O NO

Virus Used for Vector(s) * Source of Vector | Gene(s) Describe the change
Vector Transduced that results
Construction
Le v v PLV)( - Comaw~ti—tiA o M-\ See previown
ﬁnm%’bw{nﬂ:"—b\ or Se,_o_:f"l.h,-\ - l—-—
?ru iy vy Sonha Crun bofeely Lh ﬂ—hﬂ'-)/)] ﬁ"‘//'\‘ :

* Please attach a Material SafetyData Sheet or equivalent.

4.4 Will genetic sequences from the fgloaying be involved?
E

¢ HIV S, please specify _See aftochd  cdau gty ONO

¢ HTLV 1 or 2 or genes from any Level 1 or Level 2 pathogens O YES, specify ©NO )&CV(
¢ SV 40 Large T antigen ES ONO =

¢ E1A oncogene OYES O NO

¢ Known oncogenes O YES, please specify QN0

¢ Other human or animal pathogen and or their toxins O YES, please specify @O

4.5 Will virus be replication defective? @’ﬁES ONO

4.6 Will virus be infectious to humans or animals? @YES O NO

4.7 Will this be expected to increase the containment level required? ©YES N0 T 4+

5.0 Human Gene Therapy Trials

5.1 Will human clinical trials be conducted involving a biological agent? O YES 616
(including but not limited to microorganisms, viruses, prions, parasites or pathogens of plant or animal origin)
If no, please proceed to Section 6.0

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

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

5.3 How will the biological agent be administered?

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

5.5 Has human ethics approval been obtained? O YES, number: O NO O PENDING
6.0 Animal Experiments
6.1 Will live animals be used? G}'{S W If no, please proceed to section 7.0

6.2 Name of animal species to be used MU\_/‘\ (—MM
6.3AUSprotocol #___ Lo [O— OV} — Pﬂﬂ()/&vu__}

6.4 Will any of the agents listed in section 4.0 be used in live animals O YES, specify: 046

6.5 Will the agent(s) be shed by the animal: OYES O NO, please justify:
N A
A -

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



7.0 Use of Animal species with Zoonotic Hazards

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

¢ Pound source dogs OYES QA0
¢ Pound source cats O YES N0
¢ Cattle, sheeporgoats O YES eNO
¢ Non-human primates O YES, please specify species QA0
¢ Wild caught animals O YES, please specify species & colony # oNO
¢ Birds O YES ©NO
¢ Others (wild or domestic) O YES, please specify OO

8.0 Biological Toxins
8.1 Will toxins of biological origin be used? O@S O NO If no, please proceed to Section 9.0

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

8.3 What is the LDsp (specify species) of the toxin__ C > SO ny (i) /FL«HNL\ 2 5] ol s

8.4 How much of the toxin is handled at one time*? S jp 11:,1‘3, // Pre g e (:bv\wbq)
8.5 How much of the toxin is stored*? C3 25 Moy // PLa.umd\k(foo,ﬁlxleD

8.6 Will any biological toxins be used in live animals? O YES, Please provide detais: NG~

*For information on biosecurity requirements, please see:
http://mww.uwo.ca/humanresources/docandform/docs/healthandsafety/biosafety/Biosecurity_Requirements.pdf

9.0 Insects Requiring CFIA Permits

9.1 Do you use insects that require a permit from the CFIA? QOYES @O
If no, please proceed to Section 10.0

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

9.3 What is the origin of the insect?

9.4 What is the life stage of the insect?

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

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

9.7 Please attach the CFIA permit.

9.8 Please describe any CFIA permit conditions:

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



10.0 Plants Requiring CFIA Permits

10.1 Do you use plants that require a permit from the CFIA? OYES @6—
If no, please proceed to Section 11.0

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

10.3  What s the origin of the plant?

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

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

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

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

10.8 Is the CFIA permit attached? OYES ONO
If NO, please forward the permit to he Biosafety Officer when available.

10.9 Please describe any CFIA permit conditions:

11.0 Import Requirements

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

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

12.0 Training Requirements for Personnel Named on Form

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

¢ Biosafety

¢ Laboratory and Environmental/Waste Management Safety

¢ WHMIS (Western or equivalent)

¢ Employee Health and Safety Orientation

As the Principal Investigator, | have ensured that all of the personnel named on the form who will be using any of

the biohazardous agentsZectuo s 1.040 9,8 have been trained.
SIGNATURE

% DESCRIPTId/MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*




13.0 Containment Levels

11.1 For the work described in sections 1.0 to 9.0, please indicate the highest ()/1L
2°03

HC or CFIA Containment Level required. 01
PRy 2317
13.2 Has the facility been certified by OHS for this level of containment? 74 w0
O YES, permit # if on-campus [ 4 mﬁpe d—cJ JurL ! Qﬂ

O NO, please certify
O NOT REQUIRED for Level 1 containment

14.0 Procedures to be Followed

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

SIGNATURE /M— Date:_ 0& | Y ] Ta O

14.2 Please describ&additional risk reduction measures will be taken beyond containment level 1, 2, or 3
measures, that are unique to this agent.

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

vt Aed = Cleense wounad = Emv% roonn Wik
— O‘E_ﬁl-arn\l r!-n nm‘—m':"hM .LGA =

15.0 Approvals

// 3 i — i —
UWO Biohazard Subcommittee:  SIGNATURE: ("~ )L( C éQﬁﬂ/
AT

>
e

Date: 29

Safety Officer for Institution where experiments will take place: SIGNATURE: (\ S\‘a N UJJl
Date:_{ e 21,201 O

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

s -
Approval Number:%\O’\)V\)O“ 016L0 Expiry Date (3 years from Approval):\/\\)‘a’\e 99 pale] g

Special Conditions of Approval:

’ﬁjl(wSOP at—‘mu\id - Provowl-- - Lephviiuses.

DO O tRonimon arfuneks 1o houelle [ store wxns(po
o U e o) -

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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Re: Biohazardous Agents Registry Form: Gunaratmam

| of 2

Subject: Re: Biohazardous Agents Registry Form: Gunaratnam \k
From: Lakshman Gunaratnam <Lakshman.Gunaratnam(@lhsc.on.ca>

Date: Thu, 03 Jun 2010 14:46:33 -0400 e nbo

To: jstanle2@uwo.ca

Sorry jul'\ﬁ %! 2 OlD

O.lug (70nM x 1/1000L x 1490 MW) max per use.
lakshman

Lakshman Gunaratnam, MD.,M.Sc.

Assistant Professor of Medicine
Nephrologist, University Hospital

London Health Sciences Centre

Schulich School of Medicine and Dentistry
University of Western Ontario

Siebens Drake Research Institute

1400 Western Road, Room 230B,

London, ON N6G 2V4

Phone: (519) 661-2111, Ext.89120
Email: gunaratl@lhsc.on.ca

|||Jennifer Stanley <jstanle2@uwo.ca> 06/03/10 1:52 PM >>>

Thanks Dr. Gunaratham

Can you tell me the maximum amount of phalloidin handled at one time -
please provide the amount in ug or mg

I think you missed this question?

Jennifer

On 6/3/2010 1:48 PM, Lakshman Gunaratnam wrote:
Please see pelow for confirmation:

1. Please confirm the following for the exotoxin:
LD50 - 50 ng/kg (for mice)
max amount handled at one time - 50-100 ng

max amount stored - 20 ug (0.lmg/ml x 0.2ml)

1490 MW x 0.5ml)

Thank you.

Lakshman Gunaratnam, MD.,M.Sc.

Assistant Professor of Medicine
Nephrologist, University Hospital

London Health Sciences Centre

Schulich School of Medicine and Dentistry
University of Western Ontario

Siebens Drake Research Institute

1400 Western Road, Room 230B,

London, ON N6G 2V4

= [’ T 1 } 1 1 . Iucﬂ -
2.r Please l?t me knog the following for the phalloidin: c),C cxk)dw’)
LD30 - 2 mg/kg (for mice) P Ssel
max amount handled at one time - please provide the amocunt in ug or mg
max amocunt stored - please provide the amount in ug or mg = 1l0ug (l4uM stock x

/3/2010 2:49 PM
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June 10 [0

DC.4 cells
They are transformed (SV40 T antigen) mouse dedritic cells. They

were made by Dr. Ken Rock while at Dana Farber. Sorry for the

oversight.



L. Please confirm the cell lines that you use (it was difficult to decipher the cell fines in

Table 2.3)
* MDCK
* LLC-PKI
° RAW
» HEK293, HEK293T, 293T
*  Jurkat
¢+ JAWSII
+ HK-2
* WT-9 DC,H
* mIMCD-3
s CMT-93

s 769-P and 786-0 renal cell cancer ¢ll lines
*  We will use/establish stably transfected cells expressing KIM-1 or KIM-1-GFP

Mouse Primary Cells
* Renal tubular epithelial cells from kidney
¢ Dendritic cells from bone marrow, lymph nodes or spleen
* CD4and CD8 T cells from lymph nodes or spleen or kidney
* Splenocytes
*  Thymocytes

2. Please send some information on the lentiviral vectors, etc. - such as an MSDS and/or
website information (see attaches printouts)
- see attached printouts

3. Please send a description of the work you do that describes how the biohazards are
used, stored and disposed of. Be sure to describe the modifications you do with the
lentiviral vectors.

DMSO: Will be used as a preservative to cryopreserve cells. DMSO will be used at 10%
in fetal bovine serum. DMSO accumulates in the medium at <1% concentration and will
be discarded in the sink with refuse media after addition of bleach. DMSO will be stored
in the stored in the contained provided by the manufacturer and stored as described in
MSDS (provided).

C3 Exotoxin: C3 is used to block RhoA activity in cells in culture at  Imicrogram/mL.
Media containing C3 will be discarded as stated above (DMSQ) given that C3 at these
diluted concentrations is not harmful to the environment. C3 is stored at -20 degrees
Celsius as indicated by MSDS.

E.coli: Will be used for cloning and plasmid preparation. Standard precautions will be
used under biohazard safety level 1.



Lentivirus: Lentivirus technology will be used to introduce or silence (SIRNA/ShRNA)
our gene of interest, KIM-1, into established cell lines or primary cells in culture. We are
planning on purchasing Lentivirus for SIRNA/shRNA from Santa-Cruz Biotechnology
(http://datasheets. scbt.com/se-6169 1 -sh.pdf). Expression vectors will be purchased from
Clonetech

{http.//tools invitrogen.conm/content/sfs/inanuals/virapower_lentiviral _system_man.pdf).

As far as we know KIM-1 is not a proto-oncogene. We will follow all standard safety
practices when handling or discarding lentiviral particles {(described in attached document
from Queen’s University Environmental Health and Safety).

Questions raised in review of protocol:

1. Where will it be done?

All Ientiviral work will be done in a designated bio-safety cabinet in a closed room. All
personnel will wear N95 masks at all times (during interaction) and use double-glove
technique. All contaminated equipment will be placed in bleach solution as described in
2. Which cells (specifically) do you intend to infect with lentiviral

particles?

Lentiviral technology will be used to express KIM-1 or SIRNA/shRNA targeting KIM-1
in mouse primary cells and cell lines that are not easily transfectable at high efficiency.
The cell types to be infected with lentivirus are: Primary mouse kidney tubular epithelial
cells, mouse primary T cells, HEK-293 (ATCC), LLC-PK1 (ATCC), 769-P(ATCC), 786-
O (ATCC), CMT-93 (ATCC).

Describe your overall experimental design - a grant summary may suffice. Please sec
attached summary from recently submitted grant/award. The primary purpose of the
lentiviral expresston system is to decipher how the presence or absence of KIM-1 in our
cells affects phagocytosis of apoptotic/necrotic cells and how this affects downstream
signaling events that can lead to inflammation at the organism level (i.e. in
transplantation). We do not plan to use lentivirus in animals.

We will need and adhere to biohazard containment level 2 precautions in conducting all

http://'www.clontech.com/products/detail.asp?product_id=[72594&tabno=2 (Clonetech).

Prepared by
Lakshman Gunaratnam, MD
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Protocol for Handling Recombinant Replication-deficient Lentiviruses

Lentiviral vectors are different from the commonly used adenovirus-based gene delivery
systems because the gene of interest becomes stably integrated into the host cell's
genome. The efficiency of lentiviral systems is impart due to the fact that they are
actively imported into the nuclei of dividing, as well as non-dividing cells, as opposed to
traditional retroviruses.

The lentiviral genome contains nine genes but only three of those are required to
package a replication-deficient virus. The three essential genes are Gag, Pol and Env
and they can all be provided in trans. Gag encodes a capsid proteins and Pol is
required for the viralreverse transcriptase, RNase, protease and integrating functions.
The Env, or, envelope gene encodes a transmembrane glycoprotein that also
determines the tropism of the viral particle (ie. the specificity of the virus for a particular
host cell). In the ViraSafe Ecotropic Packaging system from Cell Biolabs, Inc. the
env gene encodes a glycoprotein from murine ecotropic retrovirus, thus
providing a viral particle that can transduce only mouse and rat cells with high
efficiency. However, other types of retroviral envelope genes can be used. If the env
gene is from a xenotropic retrovirus the lentivirus vector will only infect non-mouse cells.
If env gene is from an amphotropic retrovirus then it will infect cells in a species
independent fashion. More frequently though the envelope gene G from Vesicular
Stomatitis Virus (VSV) is used to pseudotype the lentivirus core with an envelope
protein that provides a broader host range with better infectivity in some cases. The
actual lentiviral genome that gets packaged is devoid of any coding sequence and the
U3 region of the genomic RNA is deleted so that when the RNA genome is reverse
transcribed it generates a self-inactivating DNA version of the RNA genome that after
integration cannot lead to the generation of viral progeny. The remainder of the viral
genome (je. cis-elements only) is used to construct and direct the packaging of different
lentiviral cloning vectors when the cloning vectors along with plasmids that provide the
gag, pol and env genes in trans are co-transfected into packaging cell lines (usually
HEK 293T cells). Cells containing and expressing all the necessary components then
produce new infectious replication-defective viral progeny over the next 24 to 72 hrs.

Note! Only laboratory personnel that have been informed about safety precautions and
working routines, and have permission from the person in charge are allowed to enter
the laboratory during Lentiviral work production. This also includes cleaners and:
service-personnel.




Principle:

All procedures for handling or manipulating Lentivirus should be carried out at Biosafety
Level 2 (BL2) with the use of Containment Level 3 operational practices. All work will be
done in a biological safety cabinet (BSC) by authorized personnei wearing gloves,
safety glasses, shoe covers, and overgowns that cover the front and close at the back.
Personal items (eg. purses) will not be brought into the containment room. All protective
clothing will be removed upon completion of the work and left in the room or disposed of
as waste (shoe covers, gloves). Protective items to be re-used will be autoclaved.
Overgowns will be kept on a coat rack within the containment room. No work with these
viral vectors is permitted on the open bench. The door to the laboratory must remain

closed

Working precautions for handling Lentivirus:

1. All experimental materials shall be handled with care.
2.
3. Within the BSC:

The door to the containment room shall remain locked.

a. Forsmall quantities of low (cell lysate) and high (purified) titer Lentivirus, use
sterile, aerosol barrier-containing pipette tips.
b. Forlarger amounts (more than 1ml) of low titer lysates use sterile serological
disposable pipettes.
¢. The maximum amount of infected growth media handled at one time should
never exceed 500 mL.
Using a dunk tank, plastics will first be either filled (eg. pipette tips and
serological pipettes) or rinsed (eg. plates and flasks) with Wescodyne Solution
(20% Wescodyne/40% ethanol/40% water), drained, and then put into a high-
density 4mil polyethylene plastic biohazard bag lined with a cardboard box prior
to autoclaving.
Concentration of the viral particles will be done using either appropriate
ultracentrifuge rotor or by using Amicon Ultra-15ml 100k MWCO centrifugal filter
devices. All centrifugation shall be done in closed buckets with aerosol-tight lids.
Loading and unloading of samples into the sealed buckets will be done in the
BSC. The sealed centrifuge buckets will be sprayed with 70% ethanol before
removing from BSC.
Sharps shall be eliminated from experimental procedures to prevent injuries. No
needles or Pasteur pipettes will be used in the production and use of lentivirus.
Double gloves shall be worn at all times when working with viral vectors. Gloves
will be sprayed with 70% ethanol and then the outer glove removed inside the
hood by using the inside-out technique before disposing into bichazard waste
dunk tank located inside the BSC. Remove lab coat and boots and dispose of in
biohazard waste. Spray inside glove with 70% ethanol and remove using the
inside-out technique, dispose into biohazard waste bag. Wash hands
immediately after removing gloves and before leaving work area. Never wear
gloves outside of the laboratory, or touch things with gloved hands.



8. During any lentiviral work, signs and labels shalil be piaced to indicate each area
where viral vectors are used and stored (BSC, incubators, freezer, laboratory
entrance doors, etc.)

Decontamination and disposal procedures:

All materials that come in contact with viral particles must be properly decontaminated
prior to disposal. This requires that all material must be autoclaved prior to leaving the
level 2 plus 3 room where the work is being done. This requires that the level 2plus 3
room must have an autoclave in it. Alternatively a portable autoclave may be used.

1. Disposal/decontamination of solid waste such as, paper tissues, pipette tips,
ete.: All solid waste (including disposable plastic wares) should be discarded in
biohazard bags for the appropriate treatment (autoclaving) according to PHAC/CFIA
guidelines, institutional practices and guidelines prior to disposal. Information on
hazardous waste disposal is found in the Hazardous Materials Management
Handbook:
http://www.uwo.ca/humanresources/docandform/docs/ohs1/manuals/hazardous_han
dbook.pdf
Personnel must take the Biosafety training courses from Occupational Health and
Safety and General Laboratory Safety and Hazardous Waste Management.

2. Disposai/decontamination of liquid waste: All liquid materials (Lentivirus-
containing media, buffers, washes} shouid be decontaminated inside safety cabinet
by addition of wescodyne or Quatricide PV Solution prior to autoclaving.

3. Work surfaces inside cabinets should be decontaminated with Quatricide PV
Solution allowing for a wet contact time of at least ?? minutes to ensure virus
inactivation, followed by 70% ethanol again with at least 77 minutes of contact time.

4. Instruments, equipment and any other items that are not disposable and contact
Lentivirus will be decontaminated with Quatricide PV Solution (again observe
minimum contact time) and/or autoclaved.

5. Routine laboratory cleaning will be done by lab personnel within the containment
room.

Accidents:
Spills:

Effective disinfectants (10% bleach, Wescodyne or Quatricide PV Solution) will be made
available in the faboratory at all times and for immediate use. In the event of a spill or
container breakage resulting in the unintentional release of a biological agent:

(i)  Place bleach scaked paper towel or absorbent on the liquid

(i)  Pour a strong disinfectant solution (i.e. use same product used to soak the
paper towel in (i}, do not mix different agents together) around, but not on the
spill, and mix the disinfectant with the spilled material cautiousiy;

(i) Evacuate the laboratory for a time expected to be sufficient for decontamination
of the mixed material, normally 20 minutes;



(iv) Carefully place absorbent paper into a bag for incineration;

(v)

Decontaminate all surfaces exposed to the spill with the appropriate disinfectant
allowing for appropriate contact times.

If aerosols may have been created in the spill or unintentional release, evacuate the
laboratory for a time sufficient for most aerosols to settle, be dispersed, or removed by
the ventilation system, usually 20-30 minutes. The use of respiratory protection should
be considered for re-entry. Then proceed with items (i)-(v) above. During an
emergency, the first priority is the protection of the health and safety of personnei,
followed by the environment (i.e. sewer drains), followed by equipment or property.

Spills within a biological safety cabinet

*

Leave the ventilation on

All items within the cabinet should be disinfected (Wails and surfaces wiped
down, equipment wiped down and/or autoclaved)

Cover the spill area with paper towels or absorbent material

Pour a strong disinfectant sofution (i.e. use same product used to soak the paper
towel in (1), do not mix different agents together) arcund, but not on the spill, and
mix the disinfectant with the spilled material cautiously; Leave on for 20 to 30
minutes

Pick up with absorbent material and place in biohazard bag to be then
autoclaved

Ventilation should run 10-15 minutes before continuing work in BSC

Spills within an incubator

All shelves and walls within the incubator should be disinfected (walls and
surfaces wiped down, and/or autoclaved)

Cover the spill area with paper towels or absorbent material

Soak the spill area with an appropriate disinfectant (i.e.Wescodyne, or Quatricide
PV Solution} Pour the disinfectant from the outside surface of the absorbent
material towards the inside, surrounding the spill. Leave on for 20 to 30 minutes
(close the door of the incubator during the disinfection time)

Pick up with absorbent material and place in biohazard bag to be then
autoclaved

Finish by wiping the incubator with 70% ethanol



First Aid:

In the case of any incident or accident, personnel must seek medical treatment and
notify the Principle Investigator or Laboratory Supervisor. An accident/incident reporting
form must be completed:
http://mww.uwo.ca/humanresources/facultystaff/h_and_s/acc_inc/accident inc_index.ht

m
Eye exposure from splash or aerosol:

Rinse a minimum of 15 minutes in eye wash or flush with water. Notify the Principal
Investigator or Laboratory Supervisor, who will immediateiy contact Workplace Health at
519-661-2047 and direct the exposed employee to appropriate medical treatment and to
report the incident.

Skin Exposure or Abrasions:

Contaminated skin or abrasions should be scrubbed with germicidal soap and copious
amounts of water. Notify the Principal Investigator or Laboratory Supervisor, who will
immediately contact Workplace Health at 519-661-2047 and direct the exposed
employee to appropriate medical treatment and to report the incident.

Inhalation:

Remove person to fresh air. Notify the Principal Investigator or Laboratory Supervisor,
who will immediately contact Workplace Health at 519-661-2047 and direct the exposed
employee to appropriate medical treatment and to report the incident.



_______ Original Message -------- GD\,L’\(MF (’,L‘Y\'WW\-

Subject:Re: Containment Level - Lentiviral project

Date:Fri, 23 Apr 2010 09:35:57 -0400

From:Permit-Permis <permitpermis@phac-aspc.gc.ca>

To:Jennifer Stanley <jstanle2@uwo.ca>

Dear Jennifer Stanley
Thank you for contacting our Directorate with your questions.
| regret that the Office of Laboratory Security has a policy of not
undertaking risk assessments of the human pathogens in facility’s
inventories, as many of the factors that come into play are specific to a
particular location and application. The determination of what risk group
to which your pathogens belong is your responsibility.
As a first means of assisting you in determining your inventory's risk
groups(s), you may want to consult the schedules for Risk Groups 2, 3, and
4 that are appended to The Human Pathogens and Toxins Act. Schedules 2 to
4 of the Act provide, respectively, non-exhaustive lists or examples of
the kinds of human pathogens that are included in each of risk groups 2,
3, and 4. See link below:
http://www?2.parl.gc.ca/HousePublications/Publication.aspx?Docid=4015133&file=4
If you possess human pathogens that are not included in these schedules,
then you would have to determine the risk groups of those pathogens
yourself. First, you could consult the definitions of the Risk Groups that
are provided in section 3 of the Act. Further, there is greater detail on
the criteria for determining the risk group of a pathogen in sections 2.1,
2.3 and 7.2 of the Laboratory Biosafety Guidelines . See attachment below:

For more information you can visit our website;
http://www.phac-aspc.gc.calols-bsl/pathogen/index-eng.php

Regards

Josee Davies

Regulatory Technologist/ technologiste en réglementation

Pathogen Regulation Directorate (formerly Office of Laboratory Security) /
Direction de la réglementation des agents pathogenes (anciennement le
Bureau de la sécurité des laboratoires)

Public Health Agency of Canada/ Agence de santé publique du Canada
100 ch. Colonnade Rd. AL: 6201A Ottawa, Ontario, Canada K1A 0K9
Tel: (613) 957-1779

Fax: (613)941-0596

Jennifer Stanley <jstanle2@uwo.ca> 2010-04-22 02:53 PM
To Permit-Permis permitpermis@phac-aspc.gc.ca cc
Subject Containment Level - Lentiviral project

Hello there,
Please let me know what containment level you suggest for the following
project:

Lentiviral technology will be used to introduce or silence (SIRNA/shRNA)

our gene of interest, KIM-1, into established or primary cells in

culture. We are planning on purchasing Lentivirus for SIRNA/shRNA from
Santa-Cruz Biotechnology: http://datasheets.scbt.com/sc-61691-sh. pdf

Expression vectors will be purchased from Clonetech:
http://tools.invitrogen.com/content/sfs/manuals/virapower_lentiviral_system_man.pdf

Lentivirus technology will be used to express KIM-1 or siRNA/shRNA
targeting KIM-1 in mouse primary cells and cell lines that are not
easily transfectable at high efficiency. The cell types to be infected
with lentivirus are: primary mouse cells (kidney and T cells) and ATCC
cell lines HEK 293, LLC-PK-1, 769-P, 786-0 and CMT-93.

Regards,

Jennifer



Name of Candidate
Lakshman Gunaratnam

Project Title: Mechanism of Negative Regulation of Danger Signaling and Kidney Transplant Rejection by Kiduey
Injury Molecule-1

Abstract

Overview

Kidney transplantation remains the treatment of choice for patients with end-stage renal discase. One of the major
problems i {ransplantation is immunologic rejection of the graft. As T cells are both required and sufficient for rejection
of allotransplants, trangplantation immunology rescarch has largely locussed on the adaptive immune syslem, An
increasing body ef evidence suggests a key role for the innale immune respousce in activating dendritic cells {DCs) that
ultimately direct allogencic T cells to mediate atlograft rejection. Release of endogenous “danger” signals by damaged
tissue or necrotic allograli cells due to ischemia reperfusion injury (IR1) is a powerful activation signal for DCs. Kidney
injury molccule-1 (KIM-1) is a novel scavenger receplor that is highly upregulated in renal tubular cpithelial cells
(RTECs) and converts them into phagocyles for apopiotic and necrotic cells. We hypothesize that upregulation of KIM-1
allows RTECs to inhibit allograll rejection by negatively regulating activation of DCs by HMGB-I1, a key “danger” signal
reteased by RTECs following [RI. By uncovering how RTECs regulate innate immunity, we hope to identify therapeutic
strategics to prevent transplant rejection and improve overall graft suevival in transplant patients.

Backeround

DCs like other innate immune cells use patltern recognition recepiors (PRRs) to recognize conserved molecules termed
pathogen-associated molecular patterns (PAMPs) on bacteria and other cvolutionarily distinet organisms. Ligation of
PRRs (e.g. Toll-like receptors, TLRs) on innate immune cells by PAPMs iriggers a cascade of signalling events that lead
to production of pro-inflammatory cytokines, adhesion molecules, chemokines and antimicrobial peptides that allow them
to function as a {ist line of defence against pathogens. Allorcactive T cells can recognize intact donor MHC molecules on
“passenger”’ (present within the organ before harvesting) antigen presenting cells {APCs) (/) or, indirectly, when recipient
APCs capture, process and present donor MIC and non-MHC atloantigens (o recipient T cells in a host-MHC restricted
fashion (2).(3). Engagement ol naive T cells by APCs in the absence co-stimulatory signals results in T cell anergy or
apoptosts. Maturation of resting DCs to express co-stimulatory molecules can be triggered by binding of pathogens (or
PAMPs) 1o PRRs on their surface. One ol the vexing questions in transplant immunology is how naive T cells become
activaled in the absence ol pathogenic stimuli (e.g. PAMPs), especially, given that transplant surgery for the most part is a
sterile procedure.

Work done by Matzinger and others, suggests that PRRs can also be activaled by host-derived “danger” or “alarm”
signals sent by injured, damaged or necrotic cells (4-3). A number of endogenous “danger” or damage associated
molecular patterns (DAMDPs) have been identified including high-mobility group B-1 (HMGB1), heat shock protein 70
(hsp70), hyaluronan (I1A) and S100s (6). HMGBI, is a ubiquitously expressed and highly conserved chromatin-
associated protein is released extracellularly by necrotic cells, but not by apoptotic cells (7) (&), HMGBI can also be
secreted by activated macrophages, DCs and NK cells or non-immune cells in response certain inflammatory stimuli such
as LPS, IFN-y or mterleukin-1 (IL-1) (9). Binding of cxtracellular HMGBI o its receptor(s), the receptor for advanced
glycation end products (RAGE) and members of TLR family (i.e. TLR-2, TLR-4, and TLR-9), triggers several signalling
pathways in target cells including MAPK and nuclear faclor-xBB (NF-xB3), which in DCs, can rigger upregulation ol co-
stimulatory molccules, enhance antigen presemtation via MHC class 11 and secretion of pro-inflammatory cytokines (e.g.
1L-12,1L-6, 11.-18, IL-8, TNF-a, and RANTES) (9-/0).

RTECs are a major target of IRI and ollen undergo apoptosis or even necrosis as a result (77-17). The importance of [R]
in the regulation of T cell-mediated allografi rejection is highlighted by the fact that “parking” cardiac allogralls in
imunodeficient hosts o allow them to heal from IRE prevented acute rejection when gralls were exposed to active
allorcactive T cells Fater on (/8). Recent evidence has now implicated HMGRT as an carly mediator of inflammation in
hepatic IRI as administration of neutralizing antibedy to HIMGBI significantly decreased liver imjury (19). These and
several other studies together suggest that danger signals from injured (IRE) allogralts may play a central role in priming
naive alloreactive T cells and promote rejection by stimuiating DCs (260-27).




KIM-1 is a novel scavenger receptor protein that s highly upregulated /i vive on the surface of proximal RETCs within
hours of IRI or after renal transplantation (22-25). Recently a number of groups including Bonventre's, demonstrated that
KIM-1 bimds to phosphatidylserine (PS), an “eat-me” signal exposcd on the surface of cells undergoing apoptosis and can
mediate phagoceylosis of apoptotic and necrotie cells (26-28). In vivo, the venmmants ol apoptotic and necrotic cells can be
visualized within phagosomes of KIM-1-expressing RTECs in rodent models of AKI (23, 27, 29). The cxact physiologic
role of KIM-1 in RTECS in vivo remains unknown.

Preliminary Data

Mice enginecred 1o cxpress phagocylosis-defective mutant KIM-1 are more susceptible to IRT and accumulate apoptetic
and necrotic cells within the injured twbular lumen of kidueys (Bonvenlre, personal communication). Data preseated in
figure | suggests that 1IMGDBI can be detected in the urine of mice at least within twelve hours after IR but not in sham
treated mice. As HIMGBI is released from necrotic cells, we exposed KIM-1 expressing LLC-PKI1 cells in culture 1o
neerotic cells and measured residual extracellular HIMGBI in the conditioned medium after 24 hours (o test if KIM-I
regulates the availability of this extracellular danger signal (Figure 2). The conditioned medium from KIM-1 expressing
cells had significantly fess cxtraccliular HMGBI compared to non-KIM-1 expressing controls suggesting that KIM-1 may
play a role in regulating secretion and or removal of extracellular HMBGI (or necrotic cells).

Rationale and Hypothesis

KIM-1 is highly upregulated in RTECSs during IRI and (hat it is a scavenger receptor capable of mediating phagocytosis of
neerotic cells. Together with the preliminary data presented here, we propose that THIIM-1 may regulale danger signalling
{ollowing IRF in renal transplantation,

ITypothesis: KIM-1 negatively regulates allogencic Teell immunity 1o kidney allogralis by sequestering [IMGB] and
blocking danger signalling to DCs.

Specific Aims and Experimental Plan

Specific Aim_L: To determine the mechanism by which KIM-1 regulates extracellular HIMGBI1. Rationale:
Elucidating the ¢xact molecular mechanism of how KIM-1 regulates IHIMGBI availability may help us design experiments
to specifically block this pathway in animal models and morcover uncover strategics to enhance this mechanism in a
clinical sctting. 1t would be important to distinguish whether KIM-1 is preventing release of HIMGBI by RTECs cxposed
to necrotic cells or by actively removing it from the extracellutar medium. We have thus designed experiments 1o test the
lollowing mechanisms; First goal: Determine whether KIM-1 binds directly to HMGB1 (primary sequestration) and
degrades it via receptoc-inediated endocytosis. Second goal: Determine if passive release of IMGDB1 s inhibited by KIM-
1-dependent phagocylosis of necrotic cells (secondary sequestration). Third goal: Determine if KIM-1 expression on
RTECSs blocks HMGBI1 release (from RTECS) when they are exposed to necrotic cells.

Mcthedologies: In order o test our hypotheses, we will use a variety of RTEC types such as LLC-PK cells, MDCK cclls
as well as primary mouse RTECs and non-tubular HEK293 cells. The basic assay will consist of exposing RTECs (o
cither 1o no treatment, live cells, necrotic cells or recombinant HMGB1 (added to medium after monelayer has formed
rHMGB1), allowing time for uptake or release, and then measured extracellular 1IMGB] in the conditioned medium by
western blotting and/or ELISA. To test whether KIM-1 binds to HMGRBI, we will immunoprecipitate either molecule
after exposing KIM-1-expressing RTECs to r1IMGB! or necrotic celis and then detecling the interaction by Western blot.
To determine if internalized 1IMGBI is degraded by RTECs, we will simultancously treat cells with proteasome or
lysosomal inhibitors before adding necrotic cells and then detecting the interaction by Western blot. To determine
if bound HMGBT is degraded we will simultancously treat cells with proteasome or lysasomal inhibitors in
the above experiment. Necrotic cells will be gencerated by exposing either jurkat cells (ATCC) or primary
mouse splenocytes to multiple freeze-thaw cycles (5).

Specific Aim 2: To determine whether KIM-1-epressing RTECs inhibit danger singling by extracellular
HMGB1 and inhibit activation of DCs.

Rationale: TIMGB1 can function as an adjuvant to stimulate allogeneic 'I' cell immunity by activating DCs
(danger signalling) by inducing phenotypic maturation of DCs (10, 30). First goal: Determine how conditioned
medium from KIM-1-expressing RTECs after exposure to necrotic cells or rIIMGBT affects DC activation in
vitro. Second goal: Determine how KIM-1-expressing RTECs co-cultured with DCs exposed to necrotic cells or




rHMGBT (simullaneously) affect DC activation in vifro. Third goal: Determine how DC activated as above
(first and second goals) affect allogencic T cell responses (direct allorecognition).
Methodologies: We will use primary mouse (SCID) bone marrow-derived DCs (5) or widely available DC lines
{e.g. ATCC-CRL-11904). RTECs will be cultured in monolayers in transwell plates with DCs or conditioned
medium will be transferred from RTECs after exposure to necrotic cells or r1IMGB1. For T cell activation
assays, DCs (from C57BL./6 vs. DBA/2 mice) will be treated with as above (first and second goals) and then
co-cultured with primary CD4 T cells isolated from mice or allergenic T cell clones before measuring
proliferation using [l ]-thymidine or CFSE dye assays as described (10). Quantitative R1- and ELISA will be
used to measure release of proinflammatory cytokines such as 11.-12, 1L-6, [L-lalpha, [L-8, TNF-alpha, and
RANTES. Phenotypic maturation of DCs (after treatment as above) will be measured by flow cytometric
analysis for increased surface markers such as CD83, CD54, CD80, CD40, CD58, and MIIC class 1} and
decreased CD206 expression . Alternatively ELISPOT can be used to measure T cell reactivity (31).
Specific Aim 3: To test if targeted deletion of kim-1 in murine kidney allografts exacerbates danger
signalling and promotes allograft rejection. Rationale: 1IMGB1 (Figure 1) and KIM-1(29) can be detected in
the urine of rodents subjected to IRL In vitro studies often oversimplify complex regulatory pathways and
may not represent finding in vive. This aim will test if KIM-1 negatively regulates allograft rejection in vive.
First goal: Monitor survival, renal function and urinary KIM-1/11MGB}. Second goal: Perform histological and
functional analysis on kidney tissue, DCs and T cells.
Methodologies: C57BL./6, H2-2" kidneys will be transplanted into recipient (DBA /2, 11-24} mice as described (by
Notis et al.) by Dr. Zhang (our core veterinary surgeon). Syngeneic transplants will be used to monitor for
non-alloimmune effects on the graft while sham treated mice will serve as naive controls. Parallel groups of
experiments will be performed. Mice in one group will be sacrificed on days 1,3, 6 and 12 and kidney grafts
will be divided and used to perform: histological analysis (tubular injury, tubulitits, leukocyte infiltration,
atrophy, total tubulointerstitial injury score), measure urinary KIM-1/HMGBI, in situ hybridization (KIM-1),
RT-PCR {TLR-2, TLR4, TLR9, RAGE, TNF-u, MIP-2, MCP-1, IL-13, IL-6), immunostaining (macrophages,
granutocytes, T cells, B cells, DCs [CD11b+ and CD1lc+], 1IMGB1, KIM-1, MHC-1I [F-2F and FI-24]), We will
also examine sections for total CD8+, CD4+, CD4+FoxP3 'T cells per ficld. In the second group we will monitor
survival, and measure serum BUN, creatinine, urinary KIM-1/HMGB1 at on odd days for 2 weeks and then at
30 and 60 days. We will measure recipient T cell alloreactivity exposing recipient splenocytes to irradiated
donor {11-2%) or third-party (DBA/1, [1-249) splenocytes or isolated DCs (bone marrow or from the allograft).
Sham treated mice will serve as additional controls in all experiments.
Expected Results:
We predict that KIM-T expressed on injured RTECs decreases available 1IMGB1 by removing necrotic cells
from the extracellular milicu (indirect sequestration). RTECs expressing mutant KIM-1 that cannot bind
phosphatidylserine (data not shown) should behave like non-KIM-1-expressing cells. Given that THMGBT and
necrotic cells can activate DCs (3, 5), we expect that transfer of conditioned medium from KIM-1-expressing
RTECs will stimulate DCs to a much lesser degree than non-KIM-l-expressing cells, This effect should
translate into reduced allostimulatory effect of DCs activated by conditioned medium from KIM-1-expressing
RTECs. Unless, KIM-T-expressing RTECs have a direct dominant positive effect on DCs after exposure to
HMGBI, simultancous co-culture experiments (specific aim 1) are unlikely to yield any differences in DC
activation regardless of KIM-1 status. Finally, we do expect that mice that receive KIM-1-deficient kidneys
will have exhibit higher incidence of rejection. We also expect that there will be a detrimental effect from KiM-
1 deficiency even in the syngencic recipients.
Where Funding Will Be Applied For:

1. Canadian Institutes of [ lealth Research: Operating Grant (09/2010 deadline)

2. Kidney Foundation of Canada: Biomedical Research Grants (15/10/2010 deadline)

3. Natural Sciences and Engineering Research Council: Discovery Grant (387210 deadline)
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1. Purpose:

To describe the biological safety risks of working with lentiviral vectors and the engineering and
operational practices that are approved for mitigating these risks. Note that these are minimum standards
and that some experiments may require higher containment practices. This should be decided jointly by
the Principal Investigator and the University Biohazard Committee.

2. Applicable Legislation, Standards, Guidelines:

Public Health Agency of Canada Laboratory Biosafety Guidelines, 3" edition, 2004

Canadian Food Inspection Agency Veterinary Standards for Animal Facilities

National Institutes of Heaith, Recombinant DNA Advisory Committee, Guidance on Biosafety
Considerations for Research with Lentiviral Vectors (March 2006)

hitp://wwwid od.nih. sov/oba/rac/Guidance/LentiVinus_Containment/index.ntm

3, Requirements:

No one is allowed to work with lentivirus without having prior training by the Principal Investigator
who supervises their work, or their designated technical expert. The worker should demonstrate good
microbiological and tissue culture technique and an understanding of this SOP prior to being permitied to
work with lentivirus.

The use of or generation of any new lentiviral constructs must to be cleared with the Principal
Investigator,

The use or generation of any new lentiviral construct that involves a different transgene or a different
tvpe of alteration than that already approved by the Biohazard Committee (e.¢. the knock-out rather than
the expression of a particular protein, its subunits or its mutants) must be communicated to the Biohazard
Committee via an application for an amendment to the laboratory’s Biohazard Permit. Constructs that
involve different mutations in a particular protein, where the work on that protein has already been
approved, do not require an amendment as long as the Principal Investigator is confident that no additional
biohazard risk is being created.

4, Biological Safety Risk:

o ientiviral particles are usuaily pseudotyped with the vesicular stomatitis virus glycoprotein
(VSVG), an envelope protein which gives the virus the ability to infect many human and
mammalian cell tvpes. The skin affords some protection, but the virus may enter the body
through chapped skin or wounds or by infecting mucosal surfaces (eyes, nose, mouth).

Prepared by : The Department of Envivoumental Hlealth & Natery
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Pseudotyping with other proteins will change the tropism of the viral particle and therefore
alter the nsk.

Lentivirus is an enveloped virus, so it is susceptible to inactivation by sufficiently long
treatment with 70% ethanol or freshlv diluted 10% bleach.

The direct effect on the infected cetl will depend in part on the protein that the virus is
engineered to produce {the product of the transgene).

Lentivirus can integrate into chromatin in non-dividing cells.

Lentivirus integrates into chromatin (randomly) so there is an unpredictable risk associated
with gene disruption. Note that some gene disruptions may promote abnormal cell growth.
Lentiviral vectors are engineered to be replication incompetent so that the infection will not
spread beyond the site of infection. However there is a risk of generating infective replication
competent virus through recombination. Later generation vectors in which 3 or 4 plasmids are
used to produce the viral particles and which a deletion is created in the 1, TR upon integration,
have a lower risk of generating replication competent virus, so their use is encouraged where
practical.

Lentiviral vectors are generally classed as biohazard risk group 2. However they may be
classed as risk group 2+ and require additional operational precautions if the vector system is
an earlier generation, or if the transgene encodes 2 biological toxin, an oncogene, a cell cvcle
regulator or an inhibitor of a tumer suppressor (eg. stRNA for a tumor suppressor). If this is
the case it will be indicated on the bichazard permit approved by the Queen’s Biohazard
Committee.

Lentivirus cannot replicate in rodents, but because rodents can shed virus for days after
infection, infection of rodents must occur at containment fevel 2. If the animals have been
transplanted with human cells, then if replication competent virus is generated then it could
replicate In the transplanted cells.

Biohazard Containment iacilities and Precedures:

L]

All work with tentivirus should be carrded out in a containment level 2 laboratory. Lentivirus
in supernatants and cells must be inactivated before removal to lower containment.
Inactivation must be by an approved method (eg. 0.3% Triton-X 100 extraction of cells at 37°C
for 30 min.),

£ celis are to be transported to another leve! 2 containment laboratory approved for tentiviral
work. a secondary container with a tight fitting 1id to prevent spiils must be used for transport.
If cells are infected that would normally only require fevel | containment, then the cells can be
removed from level 2 containment after demonstrating that there is no longer any infective
virus in the culture supernatant. This often requires three or four passages (not simply
washing). Demonstration of the absence of lentivirus in the culture supernatant may be done
using a p24 ELISA| with the supernatant from the day of infection used as a posttive control

Prepared by : The Department of Environmental Health & Satety
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and tfrom uninfected cells as a negative control. In addition to demonstrating the destruction of
the input viruses, this is necessary to exclude the possible, although rare, development of a
replication competent virus.

Virus will be shed from rodents infected with lentivirus for a few days after infection, during
which time the animals must be held at containment level 2. After the cage and bedding have
been changed and shedding of virus has ceased (as demonstrated by an ELISA for p24 antigen
or other approved method) then the animals may be moved to containment level |. However,
if the animals have been transplanted with human cells, then there is a risk that the virus could
replicate in the transplanted cells and the animais must be handled at containment level 2.
Unless higher containment practices are required by the Queen’s Biohazard Committee, strict
biosafety level 2 operational practices should be emploved for manipulations of lentivirus
Review the Public Health Agency of Canada Laboratory Biosafety Guidelines, chapter 3 (3™
edition, 2004) before beginning work with lentivirus. In particular, the following points are
reinforced:

- Gloves shouid be worn during all tissue culture manipulations. Double gloves are
better because micro-holes may be present. Inspect gloves for obvious holes when vou
are putting them on. Change outer gloves at regular intervals and whenever they
become obviously contaminated. Wash vour hands thoroughly with soap immediately
after removing gloves. Lab coats with knit cuffs are recommended to ensure that no
bare skin 1s exposed between the gloves and the fab coat.

- Always treat your outer gloves as contaminated - remove them and replace with clean
gloves before touching things outside of the biological safety cabinet (e.g. the
microscope, the centrifuge, or the incubator); if necessary use the one clean hand / one
dirty hand technique.

- People often touch their face and eyes unconsciously. [If vou find that vou are dotng
this with gloves on vour hands then wear goggles to prevent yourseif from doing so
since this could result in you mfecting vourself.

- Al work must be done 1n a brological safety cabinet so that the virus is not spread via
aerosols. Use proper technique, not over-filling the cabinet and not putting anvthing on
the tront grill because this will disrupt the air fiow, reducing your protection and
potentially resulting in contamination of your cultures.

- Centrifugation must 1ake place in screw capped tubes (including microfuge tbes). Do
not over-fill the tubes and do decontaminate their outer surface with 70% ethanol or
quaternary ammonium disinfectant before removing them from the biological safety
cabinet. Aerosol resistant centrituge cups that are opened only in the biologicai safety
cabinet are recommended, but not strictly required.

- The garbage containing lentivirus contaminated dishes, fitters. syringes. gloves etc.
should be collected inside the biological safety cabinet. Immediately after completing
work. seal it into a second autoclave bag and take it (0 the autociave for disinfection.
Lnseal for autoclaving to allow steam penetration.

Prepared byv: The Pepartment of Covironmental Health & Safety
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6. First Aid:

Avold the use of sharps whenever possible and dispose of them immediately in a sharps
container within the biological safety cabiner. If feasible use plastic disposable transfer
pipettes rather that glass Pasteur pipettes. Eliminate the use of needles whenever
possible or use safety engineered needles. Use disposable scaipels and safety
engineered scalpels.

Glass serological pipettes and Pasteur pipettes should be immediately submerged into
Jars filled with freshly difuted bleach (1:10 dilution of bleach) inside of the biological
safety cabinet. After 30 minutes in bleach, Pasture pipettes may be transferred to the
glass disposal container and serological pipettes moved to a bucket for washing. If
space constraints make it seem unreasonable to decontaminate serological pipettes in
the biotogical safety cabinet, then discuss alternatives with the University Biosafety
Officer.

The plastic tubing and aspiration bottle shouid be disinfected immediately after use by
drawing concentrated bieach through the line and into the collection bottle. Allow the
bottle 1o sit for 30 minutes for full decontamination after the last addition before
discarding the liquid in the sewer. After emptying the collection bottle add sufficient
bieach that a 10% dilution will be achieved when the botile is full. Be sure that the
vacuum is protected with a HEPA filter.

Liquid spills on any surfaces should be immediately disinfected with diluted bleach (30
minute contact time). Spiils that are atlowed to dry are much more difficult to
decontaminate and must be rehydrated first. Be sure to rinse off the bieach well from
stainiess steal because 1t wilt corrode.

The dishes containing lentivirus should be put in a secondary contatner to move from
the biological safety cabinet to the incubator to reduce the risk of spills They should
be kept in a designated incubator whenever possible  Take care not to contaminate the
door handle of the incubator.

When finished work, decontanmnate the outer surface of everything that is tn the
biological safety cabinet and then remove all items from the cabinet. Wash the hood
thoroughly with 70% alcohol or other approved disinfectant. The use of UV light to
disintect the hood is not recommended because it is not effective unless properly
malntained and because it can present a UV exposure hazard to other users of the
laboratory unless the cabinet has a sash that can be completely closed.

Ensure that the appended reminder sheet is posted 1n the laboratory where lentivirus 1s
used.

o Following a splash or aceidental touching of the eyes, nose or mouth with matenal potentiaily
contaminated with lentivirus, immediately flush the eves or other mucosal surfaces at an

Prepared by: The Department of Knvironmental [ealth & Satety
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eyewash siation for 1S minutes. Remember to remove your gloves before using your fingers
to keep your eves open.

e Wear double gloves to protect broken skin. A wound or broken skin (eg. chapped, eczema)
potentially contaminated with lentivirus should be immediately washed with soap and running
water for 13 minutes with genile massaging.

Seek foilow-up medical attention if required.

e Report the incident to your supervisor and have them f{ill in an incident report {WSIB form 7}
which is to be submitted to the Department of Environmental Health and Safety within 24
hours of the inctdent.

7. Information and Enquires: University Biosafety Officer (613-333-6000 ex1, 77077)

8. Revision History:

Inttial release: March 2008

Preparcd byv: The Department of Foviconmental Health & satoy



ATCC MATERIAL SAFETY DATA SHEET

MSDS FOR ANIMAL CELL CULTURES (Biosafety Level 1 or 2)

ATCC cultures are not hazardous as defined by OSHA 1910.1200. However, as live cells they
are potential biohazards.

ATCC Emergency Telephone: (703) 365-2710 (24 hours)
Chemtrec: (800) 424-9300

To be used only in the event of an emergency involving a spill, leak, fire, exposure or accident.

Description
Either frozen or growing cells shipped in liquid cell culture medium (a mixture of components that

may include, but is not limited to: inorganic salts, vitamins, amino acids, carbohydrates and other
nutrients dissolved in water).

SECTION |
Hazardous Ingredients
Frozen cultures may contain 5 to 10% Dimethyi sulfoxide (DMSQO)

SECTION I}
Physical data
Pink or red aqueous liquid

SECTION 11

Health hazards
For Biosafety Level 1 Cell Lines
This cell line is not known to harbor an agent known to cause disease in healthy adult humans. This
cell line has NOT been screened for Hepatitis B, human immunodeficiency viruses or other
adventitious agents. Handle as a potentially biohazardous material under at least Biosafety Level |
containment.

For Biosafety Level 2 Cell Lines

This cell line 1s known to contain an agent that requires handling at Biosatety Level 2 containment
[U.S. Government Publication Biosafety in Microbiological and Biomedical Laboratories
(CDC, 1999)] These agents have been associated with human disease. This cell line has NOT
been screened for Hepatitis B, human immunodeficiency viruses or other adventitious agents. Cell
lines dertved from primate lymphoid tissue may fall under the regulations of 29 CFR 1910.1030
Bloodborne Pathogens.

SECTION 1V
Fire and explosion
Not applicabie

American Type Culture Coilection =mergency Telephone: (703} 365-2710 (24 hours)
£.0 Box 1549 Infarmation Telephone: (703} 365-2704
Manassas, V4 20108 B Chemtrec (800) 424-93C0



ATCC  WATERIAL SAFETY DATA SHEET

SECTION V
Reactivity data
Stable. Hazardous polymerization will not occur.

SECTION Vi

Method of disposal
Spill: Contain the spill and decontaminate using suitable disinfectants such as chlorine bleach or
70% ethyl or isopropyi alcohol.
Waste disposal: Dispose of cultures and exposed matertals by autoclaving at 121°C for 20 minutes.
Follow all Federal, State and local regulations.

SECTION Vil

Special protection information
For Biosafety Level 1 Cell Lines
Handle as a potentially bichazardous material under al [east Biosafety Level | containment. Cell
lines derived trom primate lymphoid tissue may fall under the regulations of 29 CFR 1910.1030
Bloodbome Pathogens.

For Biosafety Level 2 Cell Lines

Handle as a potentially bichazardous material under at least Biosafety Level 2 containment. Cell
iines derived from primate lymphoid tissue may fall under the regulations of 29 CFR 15910.1030
Bloodbome Pathogens.

SECTION Vil

Special precautions or comments
ATCC recommends that appropriate safety procedures be used when handling all cel! lines,
especially those derived from human or other primate material. Detailed discussions of laboratory
safety procedures are provided in Laboratory Safety: Principles and Practice (Fleming, et al.,
1995) the ATCC manual on quality control (Hay. et al., 1992), the Journal of Tissue Culture
Methods (Caputo, 1988), and in the U.S. Government Publication, Biosafety in Microbiological
and Biomedicai Laboratories (CDC, 1999). This publication 1s available in its entirety in the
Center for Disease Control Office of Health and Safety’s web site at
hitn //www cde gov/od/ohs/biostty/bmbid/bmbldtoc htm.

THE ABOVE INFORMATION IS CORRECT TO THE BEST OF OUR KNOWLEDGE. ALL
MATERIALS AND MIXTURES MAY PRESENT UNKNOWN HAZARDS AND SHOULD BE
USED WITH CAUTION. THE USER SHOULD MAKE INDEPENDENT DECISIONS
REGARDING THE COMPLETENESS OF THE INFORMATION BASED ON ALL SOURCES
AVAILABLE. ATCC SHALL NOT BE HELD LIABLE FOR ANY DAMAGE RESULTING
FROM HANDLING OR CONTACT WITH THE ABOVE PRODUCT.

€ 2002 American Type Culture Collection.
ATCC® is o registered trademark of the American Tvpe Culture Collection.
Februan 2002

American Type Culture Collection cmergency Telephone: {703) 385-2710 (24 hours)
P2.0. Box 1849 information Telephone: (703) 363-2704
Manassas, VA 20108 Chemtrec (800) 424-9300

M2
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Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in
certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R.0.C. rust contact a local distributor for pricing information and to place an order for ATCC cultures and products,

Cell Biology

ATCC® Number:
Designations:

Depositors:
Bigsafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:

Morphology:

Source:
Cellular Products:

Permits/Forms:

Isolation:
Applications:

Virus Susceptibility:

Revarse Transcript:

Cytogenctic Analysis:

Age:
Gaender:

Comments:

print this P
CCL-34™ Order this [tem Price: $269.00
MOCK (NBL-2) Related Links »
S Madin, N8 Darby NCBI Entrez Search
1 Cell Micrograph
frozen Make a Deposit
See Propagation Erequently Asked Questions
adfigrent Material Transfer Agreement
Canis famifians Technical Support
epithelial Related Cell Culture Products
=, i

Organ: kidney
Disease; normal
keratin

In addition te the MTA mentioned above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC material is ultirnately responsible for obtaining the
permits. Please glick here for information regarding the specific
requirements for shipment to your location.

Isolation date: September, 1558

transfection host (Nucleofection technology from Lonza
Roche FUGENE® Transfection Reagents)
Human Coxsackievirus 8 3

Reovirus type 2

Adenc-associated virus 4

vaceginia virus

Vesicular stomatitis virnus
Adeno-associated virus 5

Human Coxsackievirus 8 3

Human Coxsackievirus B 4

Hurnan peliovirus 2

negative

Palyploidy  0.2%. Two large submetacentnc chromesomes  notad,
presumably X chromosomes, and one ¢r (wo addiional chremosomas wiln
median or submedian centromeras.

aduit

female

The M s was dadvad from a kdoey of an apparently norm
adult femals r spaniel, September, 1958, by SH. Madn and N.B.
Darhy.The celis are positive for kematin by immunooeroxida
staiming. MDCK cells have been use udy processing of vata amylond
orecursor protain and sorting of its pb2oiylic products.

3/92010 9:27 AR
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Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement, or, in
certain cases, an MTA specified by the depositing institution.
Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapere, and
Taiwan, R.0.C. must contact a local distributer for pricing information and to place an order for ATCC cultures and products.

Cell Biology

ATCC® Number:
Designations:

Depositors:
Bigsafety Level:
Shipped:

Medium & Serum:

Organism:
Morpholegy:

Source:

Cellular Products:

Permits/Forms:

Age:
Gender:

Propagation:

Subculturing:

Preservation:

Related Products:

Referencas:

CL-101™  Order this Item
LLC-PK1

Enh Lilly & Co.

1

frozen

See Propagation

Sus scrofa (pig)
apithehal

Qrgan: kidney

Strain: Hampshire
Disease: nomal
plasminogen activator

Print this Page

Price: $275.00
Related Links b
NCBI Entrez Search
Make a Deposit
Erequently Asked Questions
Material Transfer Agreement

In addition to the MTA mentioned above, other AT I

permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC matedal is ultimately responsible for obtaining the
permits, Please click here for infonmation regarding the specific
requirements for shipment to your location.

3 to 4 weeks

male

ATCC complete growth medium: The base medium for this cell line is
Medium 199 containing 1.5 g/l sodium bicarbonate, To make the
completa growth medium, add the following components o the base
medium; fetal bovine serum Lo a final concentration of 3%.
Temperature: 37.0°C

Subcultivation Ratio: A subcultivation ratio of 1:3 to 1:8 is recommanded
Medium Renewal: Twice par week

gemove medium, and rinse with 0.25% trypsin, 0.03% EDTA solution.
Remova the solution and add an additional 1 to 2 mi of trypsin-EDTA
solution. Allow the flask to sit at rcom temperature {or at 37C) until the
calls detach,

Add fresh culture mediurn, aspirate and dispensa into new culture flasks
culture meadium 35%; DMS0O, 5%

recomimended s2rum:ATCC 30-2020

farmerly distnbuted as:ATCC CRL-1392

3520: Hull RN, Huseby &M. Ennanced production of plasminegen actvator.
US Patent 3,904,480 dated Sep 5 1975

22659: Perantori A, Berman 11, Propertias of Wilms' tumor line (TuWi)
and pig kidnay line {LLC-PK1) typicai of normal Kicney tuhular emthelium
In Vitro 15 444-454, 1979, PubMed: 225262

28301: Loffler S, (.03, a tatraspan Lransmernbrang protein, rencers
cells susceptible canine distemoer virus. 1. Virol. 71: 42-4%, 1997.

2uhbMad: 8985321

392010 9:27 Al
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Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, In

certain cases, an MTA specified by the depositing institution.

Customars in Furope, Australia, Canada, China, Heng Kong, India, Israel, Japan, Korea, Macau, Mexico,
Taiwan, R.0.C. must contact a local distri

Cell Biology

ATCC® Number:
Dasignations:

Depaositors:
Biosafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:

Marphology:

Source:

Permits/Forms:

Restrictions:

Applications:

Receptors:
Tumorigenic:

DMA Profile (STR):

Cytagenatic Analysis:

Age:

| of d

CRL-1573™

Order this Item Price:
293 [HEK-293]
FL Graham
2 {CELLS CONTAIN ADENCVIRUS ]
frozen
See Propagation
adherent
Home sapiens (human)

apithelial

)

Organ: embryonic kidney

Cell Type: transformed with adenovirus 5 DNA

n addition to the MTA mentioned above, other ATCC and/or requlatory
pemits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC material is ultimately responsible for obtaining the
pernits. Please click here for information regarding the specific
requirements for shipment to your location.

These celis are distnbutad for research purposes only. 293 cells, their
products, or their derivatives may not be distributed to third parties,
efficacy testing (92587]

transfection host (Nucleofection technology from Lonza
B;mne_EuQEN.E@_{taﬂsEﬂLQﬂ_Rﬂagﬂﬂ-ti)

viruscide testing [92579]

vitronactin, expressad

Yes

Amelagenin: X

CSF1PO: 131,12

DI35317: 14,14
D16%539: 9,13

D59S618: 8,2

D75820: 11,12
THO1: 7,9.3
TPOX: 11

vWA: 16,19

This 15 a hyootriptoid human cell line. The modal chromesome numper
was G4, ocourming in 30% of cells, The rate of cells with higher plodies
was 4.2 %. The der{1)t{1;13) (g42;qL3), der(19) (3;19) {qi2;ql3),
der{12)L{8;12) (u22;013), and four other marker chromosomes were
ol o rmost cells. Sive other markers eccurred in some calls only
The marser derf1l) and M3 (or Xq+) v 2n paired. There war2 f
opies of M17 and N2Z2, Not eably
chramasomes, there weare pared Xa+, and a single Ko+ in mast cells.

New Zealand, Singapore, and
r for pricing inforrnation and to place an order for ATCC cuitures and products.

Pri i

$256.00

Related Links ¥

NCE] Entrez Search

Cell Micrograph
Make a Deposit
Ereaqueotly Asked Questions
Material Transfer Agreement
Technical Support
Related Cell Culture Products

392010 9:28 AN
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ATCC Advangi | h » Product Details
Product Description
Befora submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in

certain cases, an MTA specified by the depositing institution.
Customers in Europe, Australia, Canada, China, Hong Keng, India, srael, Japan, Koraa, Macau, Mexico, New Zealand, Singapore, and

Taiwan, R.0.C. must contact 3 local distributor for pricing information and to place an order for ATCC cultures and preducts.
Print this Page

Cell Biology
o e— CRL-11268™  Order this Item | Price: $272.00
Designations: 2937/17 [HEK 2937/17] Related Links b
Depositors; Rockefe!ler Univ. NCBILEntrez Search

igsaf; vel: 2 [Cells contain Adenc and SV-40 viral DNA saquences ] Make a Deposit
Shipped: frozen Fraquently Asked Questions
Medium & Serum: p ign Material Transfer Agreement
Growth Propertes: adherant Technical Support
Qrganism: Homo sapiens (human) Related Cell Culture Products
Morphokogy: spithelial
Source: Organ: kidney
Parmits/Forms: In addition to the MTA mentioned above, other ATCC and/or requlatory

permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC matenal is ultimately responsitle for obtaining the
permits. Please ¢lick here for information regarding the spedfic
requirements for shipment to your location.

Restrictions: The line is available with the following restdction: 1. The cell line was
deposited at the ATCC by Rockefeller Universily and is pravided for
research purposes only, Neither the cell line nor the products denved from
t may be soid or used for commercial purposas. Nor can the cells be
distrbuted to third parties for purposes of sale, or producing for sale,
~alls or their products. The cells are provided as a service to the research
community. They are previded without warranty of merchantability or
fitness for a particular purpese or any other waranty, expressed or
implied. 2. Any proposed commarcial use of the cells, or their products,
must first be negotiated with Cell Genesys, 500 Forbes Boulevard, South
San Francisco, CA 94080 Attn: Robert H. Tidwell; Samar Vice President,
Cormporate Davelopmeant.

Antigen Expresson: Sva0 T antigen [(45408]
Age: fetus
Comments: The 2937/17 cell line is & denvative of the 293T (293tsAl8C9neq; cell

nna. 2937 s a hughly transfecable dervative of the 293 ceil line into
which the tamperature nsitive gene for SV40 T-antigen was inseitad.
2937 cells were clonad and the clones tested with tha p3ND and
sactars o abtain 3 ling capable of producing hign niters of inf2cti
catrgvinus, 203T/17. These cells constitutivaly 2xprass the siman virus 40
Sv4Q) lemge T antigen, and cone 17 was selected specifically for its high
rransfectability.293T/17 cells wem cotransfected with the pCRIPenv- and
rthe pCRIPgaq-2 vectors 1o abtain tha ANJOU 65 (se2 ATCC CRL-11269)
ceil line AMJOU 55 cells ware cotransfacted with the pCRIPgag-2 and
5 to obtain the BCSC 23 (

5C 23 (
srassign  packaging cell line ANJOU

55 celis ware

d wiih pCH vactor along wath a  plasn
2xpressing the gt ¢ obtain > Bing  (sce
CRL-11554) ampnotrspie &1 IOR-EXDES wng cell ine.

392010 9:28 Al
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Who We Are !J.CLD_EI.Q_US
|
What We Offer i
Grants and Contracts asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in

Partnerships

depositing institution.
a, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapore, and

Corporate Announcements

stributor for pricing information and to place an order for ATCC cultures and products.

Career Opportunities

Print this Page

ATCC connection™ Newsletter

atcc® Number:
Designations:

Dapositors:

i fi vel:
Shipped:
Medium & Serum:
Growth Properties;
Organism:

Morphology:

Source:
Cellular Products;

Permits/Forms:

Applications:
Receptors:
Antigen Expression:

DNA Profile (STR):

Cytogenetic Analysis:

TIB-152™  Order this Item | Price: $272.00
Jurkat, Clone E6-1 Related Links ¥
A Weiss NCBI Entrez Search
1 Cell Micrograph
frozen Make a Deposit
SUSPENSIoN Matenal Transfer Agreement
Horno sapiens (human) Technical Support
lymphoblast Related Cell Culture Products

PHOTO
Disease: acute T cell leukemia

Cell Type: T lymphocyte;

intardeukin-2 (interlaukin 2, IL-2) [16Q9]

In addition to the MTA mentionad above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC materal. Anyone
purchasing ATCC material is uitimately responsible for obtaining the
permits. Please click here for information regarding the sopacific
requirements for shipment to your location.

transfection host (Nucleofection technology from Lonza

Roche FUGENE® Transfection Reagents)

T cell antigen receptor, expressed

CO3; Homo sapiens, exprassed

Amelogenin: XY

CSF1IPO: 11,12

D138317: 8,12

D165539: 11

D55318: 9

D75820: §,12

THO1: 6,9.3

TPOXK: 8,10

VWAL LS

This 15 a pseudodipioid human cell line. The modal chromosome number is
45, occurnng 10 ?74% with polyploidy  at 5.3%. The Karyotype IS
46,%XY,-2,-18,dei(2) (p21023),del{18) (p11.2). Most cells had narmal X and
¥ chromosomes.

malg

39720109:29 Al
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ATCC Advanced Catalog Search » Product Details
Product Description
Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material ransfer Agreement or, in

certain cases, an MTA specified by the depositing institution.
Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R.0.C. must contact a local distributor for pricing information and to place an order for ATCC cultures and products.

Cell Biology

ATCC® Number:
Resignations:

Dapositors:
Bigsafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:

Morphology:

Source:

Permits/Forms:

Propagation:

Subculturing:

Presarvabion:

Ralated Products:

Refarances:

CRL-11904"™

print this Page

Order this Item | Price: $289.00

JAWSIL Related Links P
ZymoGenetics, [nc. NCBI Entrez Search

1 Cell Micrograph

frozen Make a Depost

See Propagation Erequently Asked Questions
mixed, adherent and suspension Material Transfer Agreement
Mus musculus (mouse) Technical Suppart
monocyte Related Cell Culture Products
£

Organ: bone mamow

Strain: C578L/6

Cell Type: immature dendrtic cell; monocyte;

In addition to the MTA mentioned above, other ATCC and/or regulatory
permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC material is ultimately responsible for obtairing the
permits. Please ¢lick here for information regarding the specific
requirernents for shipment to your location.

ATCC complete growth medium: Alpha minimum gssential medium with
Abonucleosides, decxynbonucleosides, 4 mM L-glutarmine, 1 mM sodium
pyruvate and 5 ng/ml murine GM-CSF, 80%; fetal bovine serum, 20%
Temperature: 37.0°C

Protocok Cultures can be maintained by transfamng floating cells to 3
centnfuge tube,

Attached calls may be subculturad using 0.25% trypsin-0.03% EDTA.

Pool cells and centrifuge the cell suspansion at 1000 mm for 10 minutas,
resuspend the pellet in fresh medium, aspirate and dispense o new
flasks.

Mote: This call line grows very slowly,

Subcultivation Ratio: A subcultivation ratio of 1:215 recommsandad
Medium Ranewal; Once per week

Freeze medium: Complate growrh madium 95%; DMS0, 5%

Storage temperature: liquid nitrogen vapor phasa

recommeandad serum:ATCC 30-2020

33868: Mackay VL, Moore

5,648,219 dated Jul 15 1597

47440: Moore SE. Preparation of immertahzed calls. US Patent 5,330,882
dated Nov 3 19598

EE. Immortalized dendntic calls. US Pagent

Notices and Disclaimecs

ATCC products are intendad for [aboratory resaarch purposes oniy, unless noted ctherwise. They are not intended for use in humans

37920109:29 Al
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ATCC Advan ! h » Product Details

Product Description
Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in

certain cases, an MTA specified by the depositing institution.
Customers in Europe, Australia, Canada, China, Hong Kang, India, Israel, Japan, Korea, Macau, Mexico, Mew Zealand, Singapore, and

hitp: “www atcc.org/ ATCC AdvancedCatalogSearch/ProductDetails ta. .

Taiwan, R.O.C. must contact a local distributor for pricing information and to place an order for ATCC cultures and products.

Cell Biology

ATCC® Number:
Designations:

Depositors:
Biosafety Level:
shipped:

Medium & Serum:

Growth Propertias:

Organism:
Maorphology:

Source:

Callutar Products:

Parmits/Forms:;

Receptors:

DNA Profile (STR):

Age:

Gendar:

Print this Page

CRL-2130™ Order this [tem Price: $272.00

hiik=2 Related Links »

RA Zager NCBI Entrez Search

2 [Cells Contain Papilloma viral DNA sequences | Make a Deposit

froeen Frequently Asked Questions

See Propagation Material Transfec Agreement

adherent Technical Support

Homo sapiens (human) Related Cell Culture Products

apithelial

Organ: kKidney, cortex

Tissue: proximal tubule

Cell Type: human papillomavirus 16 (HPY-16) transformed

alkaline phosphatase; gamma glutamyltranspeptidase; leucine
aminopeptidase; acid phosphatase; cytokeratin; alpha 3, beta |

integrin; fibronectin

In addition to the MTA menticned above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC materal is ultimately responsible for obtaining the
pernits. Please ¢lick here for information regarling the specfic
requirernents for shipment to your location.

epidarmal growth factor (EGF), expressed

Amelogenin: XY
CSF1PO: 13
D13s317: 9
D165539: 11,12
D55818: 12
D75820: 10,11
THODL1: 9

TPOX: 8,9

wWA:D 17,18
adult

maie

3792010 9:50 Al
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ATCC Advanced Catalog Search » Product Qetails
Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in
certain cases, an MTA specified by the depasiting institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Kerea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R,0.C. must contact a local distributor for pricing information and to place an order for ATCC cultures and products.

Print this Page
Cell Biology
ATCC® Number: CRL-2123™ Order this Itemn Price: $349.00
Designations: miMCD-3 Related Links b
Depositors: S Guilans NCBI Entrez Search
Biosafety Level: 2 [CELLS CONTAIN PAPOVAVIRUS ] Make a Depasit
Shipped: frozen Erequently Asked Questions
Medium & Serum: See Propagation Material Transfer Aqreement
Growth Properties: adherent Technical Support
Organism: Mus musculus, transgenic (mouse, transgenic) Related Cell Culture Products
Morphology: epithalial
Source: Organ: kidney, medulla

Tissue: collecting duct
Cell Type: Sv40 transformed

Permits/Forms: In addition to the MTA mention2d atave, other nd/or |
permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC matenal is ultimately responsible for obtaining the
permits. Please click here for information regarding the specfic
requirements for shipment to your location.

Isolation: Isolation date: 1991

Applications: transfection host (Roche FUGENE® Transfection Reagents)

Age: adult

Comments: mIMCD-3 is an inner madullary cellacting duct (IMCDR) cell line dedved in

1391 by Michael Rauchman from a mouse transgenic for the eardy region
of Sv40 [Tg(8v40E)bni/7].

A tubule from the terminal ene-third of the IMCD was microdissected and
placed 1n culture.

Confiuent cells were subcultured and clened using cloning cylinders.

This is a polarized epithelia cell line which retains many differentiated
charactenstics of the terminal IMCD inciuding inhibition of apical to basal
sodium flux by amiloride and by atral natrniuretic peptide (ANP).

The cells possess an amilprde sansitive sodium channel as determined
by westam blot analysis, and accumulate the major organic osimoiytes
(inositol, sorbitol, bataine and glyceropheospnorylcholing) in resporss to
hypertenic stress

The cells secrete endothelin and form tubulas and bight junctions.
mIMCD-3 cells are responsive te Hepatocvte Growth Factor (HGF), and are
readily adaptable to growth in hypertonic medium supplemented with
MNaCl and urea up to 910 mosmuol/kg H20,

These axtreme osmotic conditions exist in the renal medulla n vivo, but
are known to be lethal to most ather cells,

Propagation: ATCC complete growth medium: The base madium for this ceil ine 15
ATCC-formulated DMEM:F12 Medium Catalog Ne. 30-2006. To make the
compiete growth medium, add the following componants to the hase
madium: fatal bovine serum to a firal concentration of 10%.
Tamperature o
Atmosphere: air, 95%; tarbon diexide (CO2), 5%

bof2 53972010 9:534 AM
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Brocuct Bescription

Befora submitting an order you will be asked to read and accept the terms and conditicns of ATC
certain cases, an MTA specified by the depositing institution,

Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, I
Taiwan, R.C.C. must contact a local distributor. for pricing information and to place an order for £

ATCC® Number:
Designations:

Depositors:
Biosafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:
Morphology:
Source:

Cellular Products:

Permits/Forms:

Applications:
Tumorigenic:

DNA Profile {STR):

Cytogenetic Analysis:

Age:
Gender:

Ethnicity:

http:/ /www.atce.org/ ATCCAdvancedCatalegSearch/ProductDetails/tabid /45 2/ Default.aspx

CRL-1932™

(-)_rde"r this Item P
786-0 [786-0]

RO Williams

1

frozen

See Propagation

adherent

Homo sapiens (humany)

epithelial

Organ: kidney

Disease: renal cell adenocarcinoma
parathyroid hormone (PTH) like peptide

In addition to the MTA mentioned above, other ATCC and/or requlat
permits may be required for the transfer of this ATCC material, Any
purchasing ATCC material is ultimately responsible for obtaining
permits. Please click_ _here for information regarding the spe

reguirements for shipment to your location.
transfection host (technology from amaxa)

Yes

Amelogenin: X,Y

CSFIPO: 10

D135317: 8

D165539: 12

D55818: 9

D75820: 11,12

THOL: 6,2.3

TPOX: 8,11

vWA: 15,17

hypertriploid; Y was present in 60% the cells examined

58 years
male

Caucasian

Page 1 of 4
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Search Catalog
Select a Category .

Go

Login  Search Options

sl b Coftuees and Prochucts 1 Sdence | Standards | Deposit Services | Custom Services | Produck Use Policy

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in
certain cases, an MTA specified by the depositing institution,
Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R.C.C. must contact a local distributor for pricing infermation and to place an order for ATCC cultures and products.

ATCC® Number:
Designations:

Depositors:
Biosafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Crganism:
Morphology:

Source:

Permits/Forms:

Tumorigenic:

Reverse Transcript:

Antigen Expresston:

GenoType:
Age:
Gender:
Comments:

Propagation:

htip:/ fwww.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails /tabid /45 2/ Default.aspx?ATCCNum =CCL-223&Template=cell3iclogy

CCL-223™

" Order this ltem Price:
CMT-93

LM Franks

1

frozen

See Propagation

adherent

Mus musculus {mouse)

epithelial

Strain: C57BL/icrf

Organ: rectum

Disease: polyploid carcinoma

In addition to the MTA menticned above, other ATCC and/or requiatory

purchasing ATCC material is ultimately responsible for obtaining the
permits. Please click here for information regarding the specific

requirements for shipment to your location,
Yes

positive

H-2b

a(t)

19 menths

male

Tested and found negative for ectromelia virus (mousepox).

ATCC complete growth medium: The base medium for this celi line is
ATCC-formulated Culbecco's Modified Eagle's Medium, Catalog No. 30-
2002. To make the complete growth medium, add the following
components to the base medium: fetal bovine serum to a final
concentration of 10%.
Temperature: 37.0°C

Print this Page

$329.00

Related Links &

MCBL Entyez Search

take a_Deposit

Frequently Asked Questions

Material_Transfer Aqreement

Technical Support

Related Cell Cuiture Products

Page 1 of 2



SANTA CRUZ BIOTECHNOLOGY, INC.,

| I— -

TIM-T siRNA (h): sc-61691

TR Pouve e (rostion

BACKGROUND

| [APPLICATIONS

———

CDA* T helper lymphoeytes can be divided into types 1 (Th1) and 2 {Th2) on

the basis of their cytokine secretion patterns. Th1 ecfls and their associated
cytokines are involved in cell-mediated immunity to intraceliular pathogens
and delayed-type hypersensitivity reactions. Th? cells are invelved in the
control of extracellular helminthic infections and the promotion of atepic and
allergic diseases. T cell lg- and mucin-domain-contaming molecules (TIs)
are a family of molecules expressed on T cells. T#-1 is a singla-pass type §

membrane protein that is associated with the development of Th2 biased

immune responses and selectively expressed on Th2 celfs. TIM-1, also des-

ignated hepatitis A viris cellular receptor-1 {HAVer-1y or T cell membrane
protein 1, acts as & cell-suiface receptor for hepatitis A virus and may alse
play a role iz asthma and allergic disease requlation. TIM-1 is a widely
expressed protein with highest lavels detected in testis and kitngy,

| REFERENCES

1. Feigelstock, D, et al. 1993. The human homolog of HAVer-1 codes for a
hepatitis A virus cellular recepter. J. Viral. 72 652 1-6628.

2 Mclntire, J.J., et al. 2003. Immunology: hepatitis A virus link to atopic
disease. Nature 425: 576

3. de Souza, A.J., et al. 2005. T cell Ig and Mucin 1{THM-1} is expressed
on i vive-activated T cells and provides a costimulatory signal for T cell
activation. Proc. Natl. Acad. Sci. USA 102: 17113-17118.

4. Mariat, C., et al. 2005. Regulation of T cel! dependent immune responses
by TIM family members. Philos. Trans. R. Soc. Lond., B, Biol. Sei. 360:
1681-1685.

! CHROMOSOMAL LOCATION

Genetic locus: HAVCR1 thuman) mapping to 5g33.2,

[PRODUCT

TIM-1 siBNA {h} is & pool of 3 target-specific 19-25 nt siRNAs designed
ta knock down gene expression. Lach vial contains 3 nmotl of lyophilized
siRNA, sufficient for a 10 pM solution once resuspended using protocol
below. Suitable for 50-100 transfections. Also see TIM-1 shRNA Plasmid (hi:
5c-61651-SH and TIM-1 shRNA (b} Lentiviral Paiticles: sc-61681-V as alter-
nate gene silencing products.

For independent verification of TIM-1 () gene silencing results, we also
provide the individual siBNA duplex componests. Each is available as 3 nmeol
of lyophilized siRNA. These include: sc-61691A, sc- 816918 and se-61691C.

[STORAGE ann RESUSPENSION

Store fyophilized siBNA duplex at -20° C with desiccant. Stable for at least

one year from the date of shipment. Once resuspended, store at -70° C,
avoid contact with BNAses and 1epeated freeze thaw cycles.

Resuspend iyophilized siBNA duplex in 330 pl of the RNAse-free water
provided. Resuspension of the siRNA duplex in 330 ul of RNAse-Tree waler
makes a 10 pM solution ina 10 pM Tris-HCL, pH 8.0, 20 mM NaCl, | mM
EDTA huffered solution.

Santa Cruz Bietechnology, lne. 12004573801 B31.457.3800  fax©21 45/ 3201 Furope  +00300 4573 5000 49 6221 4503 1)

TIM-1 siBNA (h) is recommended for the inhibition of TIV-1 expression in
human cells.

[SUPPORT REAGENTS |
For optimal siRNA transfection efficiency, Santa Cruz Biotechnalogy's
siBNA Fransfection Reagent: sc-29528 (0.3 ml}, siRNA Transfection Medium:
56-36858 (20 ml) and siBNA Dilution Buller; sc-29527 (1.5 ml} are recom-
mended. Control silMAs or Fluorascein Conjugated Control siRNAs are
avaifable as 10 pM in 60 pl. Bach contain a scrambled sequence that will
not fead 1o the specific degradation of any known cellular mRNA. Fluorescein
Conjugated Contrel siRNAs include: sc-36869, sc-44233, sc-44240 and
sc-44241. Control siRNAs include: s¢-37007, s¢-44230, sc-44231, sc-44232,
5c-44233, se-44234, sc-4423b, sc-44235, s¢-44237 and sc-44238,

) [GENE LXPRESSION MONTTORING

TIM-T {BBCRY: se-80358 is recommended as a control antibody for monitoring
of TIM-1 gene expression knockdown by Wostarn Blotting {starting difution
1:200, dilution range 1:100-1:1000} or immunofluorascence {starting dilution
1:50, dilution range 1:50-1,500).

To ensure optimal results, the following support (secondary) reagents are
recommended: 1) Wostern Blotting: use goat anti-mouse lgG-HRP: sc-2005
{ditutien range: 1:2000-1:32,000) or Cruz Marker™ cempatibie goat anti-
mouse 1gG-HRP: sc-2031 {dilution range: 1:2000-1:5000), Cruz Marker™
Malecular Weight Standards: se-2035, TBS Blotio A Blocking Aeagent:
$¢-2333 and Western Blotting Luminol Reagent: s¢-2048. 2) Immunofluo-
rescence: use goat anti-mouse 1gG-FI7E: s¢-2010 {dilution range: 1:100-
1:400} o1 goat anti-mouse fgG-TR: se-2781 {dilution range: 1:100-1:400)
with UltraCruz™ Mounting Medium; sc-249417.

[RT-PCR REAGENTS |

Semi-quantitative RT-PCR may be performed to monitor TIM-1 gene
expression knockdown using RT-PCR Primer; TIM-1 (h1-PR: sc-61691-PR
{20 pl). Annealing temperature for the primers sheuld be 55-60° C and
the extension temperatuse should be G8-72° C.

[RESEARCH USE ) E

For research use only, not for use in diagnostic procedures.

[PROTOCOLS |

See our web site at www.scht com or our catalog for detailed protocols
and support prodhcts.

www.sebtcomn



Obtain high-level expression in virtually any cell type with our complete Lenti-X™ Expression System

s Opiimized lentiviral vector
and packaging system for high
titers and high expression

¢ Transfer genes into dividing and
nondividing cells and stem cells

¢ Puromyein rasistance allows rapid
selection of transduced cells

+ Gafa, replication-incompetent virus

Recombinant lentiviruses derived from
HIV-1 are able ro deliver genes into almost
any mammalian <ell type, including primary
cultures, dividing or nandividing cells,
and stem cells. Clontech has developed

a highly advanced lentiviral expression
system thar provides the broad cellular
tropism of VSV-G pseudotyped lentivirus,
high viral titers, and excellent ransgene
expression. The Lenti-X Expression System,
which includes the pLVX-Puro expression
vector and our Lenti-X HT Packaging System,
enables you to produce exceprionally high
titers of safe. replication-incompetent lentivirus
from ot cussornized pLVX-Trro vector (Figuee 1),

supertor Lonil X Vactons

Like all our Lenti-X vectors, pLYX-Puro
not only carries the 1.TRs and packaging
sequence required for lentivirus production
and replication, but it also conmins elements
that improve rransgene expression, titer, and
overall vector function. lis WPRE element,
believed to premate RNA pracessing events
and nuclear export. imparts a dual benefie (1).
First, it acts within the context of viral genomic
transcripts to enhance vector packaging and
increase the titers of viral supernatants produced
from 293T packaging cells, Second, it boasts
expression of your gene of interest in target
cells by facilitating the production of
mature mRNA from transcripts initiated
Ly the vecror’s internal CMVY promorter.
Lenti-X vectors alsa contain a cPPT element
that increases nuclear importation of the
viral genome during target cell infection,
resulting in improved vector integration
and more efficient transduction (2}
Moackaning

N I T .
!i:}iv- FYRCT Y 0y

Our Lenti- X HT Packaging System

produces ontstanding viral titers due to

5 LTR pgg

= s

pUC O

WPRE  Purdf

Figure 1. ivtap of pLVX-Puro. The vector
contains the lentiviral-specific LTRs and
packaging sequence (*}'}; a multiple ¢cloning

site (MCS) to insert your gence of interest {GOl);

puremycin resistance; and WPRE and cPPT
elements to boost packaging, viral titers,
and transgene expression.

asynergism ol highly optimized com-
ponents (3). The Lenti-X HT Packaging
Mix safely provides all the essential lentiviral
packaging and replication gene products
in mams on A proprietury siite of separate
vectors. Setected plasmids in the mixture
generate Ligh expression levels for critical
viral proteins as a result of Ter- Off* trans-
activation, For added safety, a spiit gag-pol
gene delivery strategy thoroughly prevents
viral replicative functions from being
transferred to target cells (3). Finally, the
inciuded Lentiphos'™ H'T transfection
reagents transfer the Lenti-X HT Packaging
Mix, along with your plVX-Puro vector,
inio 2937 cells with unprecedented
efficiency. The resulting high-titer viral
supernatants can be used directly, without
concentration.

i

i
i

il Hiors & Hlapid Selaciion
We used the Lenti-X Expression System to
generate a high-titer pLVX-Puro supernatant,
serial dilutions ofwhich were used to infect
naive cultures of 2937 cells (Figure 2.

Afeet replating the infected cells on 10 em
dishes and selecting transductanes with
puromycin, the resulting colonies of stable
transductants were stained for detection,
Cells infected with only 0.1 pi of supernatant
produced hundreds of calonies, while calonies
from cells infected with 1 pl virtually covered
the entire plate, These results demounstrate
the high titer and infectivity of a typical
pLVX-Puro superaatant,

Ciontech Laboratories, lnc. » www.clontech.com

Produet Size Cat. No. Price
Lenti-X Expression System s
each 632164 $1,096.00
Puromycin 25my 831305 .o
100 mg 631306 $176.00

Prices are subject t6 change without notice.

Components

= plVX-Puaro Vector

+ Lentt-X" HT Packaging Mix

* Lentiphos™ HT

* Lenti-X" Lentiviral Expression Systems
User Alanmal (PT3983-1)

Related Products

¢ Lenti-X" Fluorescent Vectors

(Car. MNos. 632152, 632153, 633154 & 632153)
= Lenti-X'" HT Packaging System

(Cae Nos, 632160 & 6321610

For research use only Mot for use i diagnostic or therapsutic
procedures. ot for resale. Clontech and the Clontsch lago
are trademarks of Clontech Laboratories Inc. All other
tradeparks ars the piopstiy of theiriespective oaners
Clontach is aTakara Bie Cormpramy. ©2607

Motice to Purchaser

Piease see the hGH Poly A, CMV Sequence, cPPT
Efement, IRES Sequence, Lentiviral Expression
Proclucts, Tet-Basad Expression Products,
VSY-G Technology, and WPRE Technology
licensing statemants at www.clontech con/licensing

Figure 2. Puromycin selection of trans-
duced celis. 293T cells were infected with
the indicated volumes (ul) of plVX-Puro
supernatant and selected with puromyein
for 3 days to allow the formation of colonies,
which were then stained with crystal violet.

The Lenti-X Expression System is a com-
prehensive system for preparing recombinane
feutivirus ro express any cDNA in any cell
type susceptible to lentivirus transduction.
It easily produces high-titer lentiviral
supernatants suitable for safe use with
virnually any downstream application,

References
1. Zutferey, Rocrad {1999 [ Virod 73(4): 78862890,
2. Zennon, Vo eraf {2000 CA7 1010000173185,

30 W, N erad (2000 Aol Thon 2010 3

Clontechnigues Qctober 2007



DAY
= Plate target cells in a 12-well plate 24 hours prior to viral infection.

« Add 1 ml of complete optimal medium iwith serum and antibiotics) and
incubate cells overnight. The cells should be approximately 50% confluent
on the day of infection {Day 2).

HOTE It is possible te use other plate formats for transduction as well. In
this case, the amount of cells should be adjusted depending on the growth
area of the well or plate.

DAY 2

« Prepare a mixture of complete medium with Polybrene® {sc-134220) at a
finat concentration of b pg/ml.

= Remaove media from plate wells and replace with 1 ml of this Polybrene/
media mixture par well (for 12-well plate).

NIE: Pelybrene is a polycation that neutralizes charge interactions to
increase binding hetween the pseudoviral capsid and the cellular membrane.
The optimal concentration of Polybrene depends on cell type and may need
to be empirically determined {usually in the range of Z-10 pg/ml). Excessive
exposure to Polybrene (>12 hr) can be toxic o some cells.

= Thaw lentivirat particles at room temperature and mix gently before use.
« Infect cells by adding the shRNA Lentiviral Particles to the culture.

« Swirl the plate gently te mix and incubate overnight. The amount of visal
particles to use varies greatly depending on the characteristics of the ceil
line used.

ROTE: Keep thawed shRNA Lentiviral Paiticles on ice. Repeated freeze-thaw
eycles and prolonged expostre of the particles to ambient temperatures may
result in decreased viral titers.

NOTE - When transducing a shBNA lentiviral constiuct into a cell for the first
time we suggest using several amounts of shRNA lentivirat particle stock.
In addition, we secommerx! to include one well with cells transduced with
Control shRNA Lentiviral Particles {sc-108080).

DAY 3

= Remove the culture medium and replace with 1 ml of complete medium
(without Polybrene).

= Incubate the cells overnight.

DAY 4

= To select stable clones expressing the shRNA, split cells 1:3 to 1.5,
depending on the cell type, and continue incubating for 24-48 hours in
complete medium.

DAY 5-6 and forward

= Select stable clones expressing the shANA via Puromyein dikydrochloride
{sc-108071) sefection.

« For puromycin selection, use an amount sufficient to kill the non-transducex
cells. Puremyein concentrations ranging from 2 to 10 pg/m! are usuatly
sufficient, but a puromycin tritation is recommended when using a new
cell tine.

= Replace medium with fresh puremycin-containing medium every 3-4 days,
until resistant colonies can be identified. Pick several colonies, expand them
and assay them for stable shRNA expression.

NOTF: Resufting puromycin-resistant clones may have varying levels of
shBNA expression due to the random integration of the lentiviral construct
into the genome of the cell.

NOTE: For shRNA expression analysis by Western Blot, prepare cell lysate
as follows:

» Wash cells ance with PBS.

« Lyse cells n 100 pl of a 1:1 mixture of Zx Electrophoresis Sample
Buffer {sc-24945) and RIPA Lysis Buffer {sc-24348) by gently rocking
the 12-well ptate ot by pipetting up and down.

- Sonicale the lysate on ice if necessary.

R(ITE: For shRNA expression analysis by RT-PCR, isolate RNA using the
method described by P Chomczynski and N. Sacchi {1987, Single-step
methad of RNA isolation Dy acid guaridinium thiccyanate-phenot-chloro-
form extraction. Anat. Biochem. 162: 155-159) or a commercially availabie
RNA isolation kit.

[BIOSAFETY |
Lentiviral particles can be employad in standard Biosafety Level 2 tissue
culture facilities {and should be treated with the same leve!l of caution as
with any other potertially infectious reagent). Lentiviral particles are repli-
cation-incompetent and are designed to self-inactivate after transduction
and integration of shRNA constructs into genomic DNA of target cells.

ishRNA LENTIVIRAL PARTICLES SUPPORT REAGENTSJ

PRODUCT  CAE #  DESCRIPTION AMOUNT
se- 19883 200 it
Fal t|~.‘l-:-z
CpER Contied so-1405084 1030
ilal tansdletions
F
524945 25wk
¥ concen atz
FiFa Lysis s 2443 50l
Euffar
Furaniwin se- 103071 26 g
dihitvzchbere bz
Fobitrzi=f se-134220 1l

Santa Cruz Biotechnology, Ins.  1.800.457.3201  §31.457.3800 fax831.457.3801 Earope  +00200 4573 2000 49 B221 45030 wwwischteom



Gene Silencers

SANTA O

HATFEEMELRES

4/19/10 1:09 PM

Log In | My Account | View Order | Wish List | Help? | Site Map

s n Gl

SHOP COMTACT IS

Search ~*- Advanced Search Browse our Catalog
. HOML WHAT'S HEW? SUPPORT COMPANY
~Language -
hame = what's nevw? = siREA » BHAT Core sefonmy
[ - - B RNAI Gene Silencers

RNA interference (RNAIQ) was first identified in C. elegans by
Neobel laureates Fire and Mello (1), and now represents one
of the most promising discoveries in molecular biology.

Endogenous RNAI activity has been linked to the regulation of sista cuene stencer

transposon mobility (2), the determination of gene

expression profiles (3) and cell fate (4), and is a crucial
component of the innate cellular defense against viral
infection in vivo(3). Three unique RNAI mechanisims
controlling target gene expression have been demonstrated.
RNAI regulates gene transcription by modifying
neterochromatin formation (&), RNAI exercises two forms of
post-transcriptionat control. First RNAI can inhibit the

i translation of target mRNA {7) and second, RNAi can direct

target mRNA destruction through the RISC complex (8).
DICER first processes dsRNA teaving a two nucleotide long 3
overnang. This primes the dsRNA for binding to the RISC
complex and leads te the activation of the enzyme activity of
argonauite, the RNAse component of the RISC complex that

: destroys one of the RNA strands. The remaining guide strand,

through complementary binding, then teads the RISC
complex to associate with and cleave target RNA molecules.

. The discovery of RNAF introduced an extraordinarily powsarful

faboratory tool for researchers and became a promising
potential therapeutic tool, consequently leading to the 2006
Nobel Prize in Physiology or Medicing being awarded to
Andrew Z. Fire and Craig C. Mello. In the laboratory, RNAI
molecules are being used to downregulate individual target
gene expression in a variety of organisms and ceil types,
exploiting each of the three mechanisms of inhibiting gene
expression described above. These technigues are useful for
manipulating an experimental system to explore individuat

- gene and protein functions as well as their refationships to

other genes and proteins. RNAI also has exciting clinical
potential {2).

Details of these RNAI mechanisms are popular subjects of
rigorous study, though much remains to be clarified. RNAI

. canzrol of target mRNA degradation through the RISC
; complex, however, is the most well-described as well as the

intended mechanism for RNAI Gene Silencers.

hitp://www.scht.cam/gene_silencers.htmi#shrna_plasmid
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Gene Silencers 4/19/10 1:09 PM

Santa Cruz Biotechnolegy, Inc. offers a complete line of RNA
Gene Silencers, including siRNA, shRNA Plasmid and shRNA
Lentiviral products covering > 99% of human and mouse
protein encoding goenaes.

Click to jurap to the section of your choice:

SiRNA Gene Sliencers  shRNA Plasmids  shRNA Lentiviral Particles  Frequently Asked Questions  Back to top

nce Prmlucts_offereci by Santa Cruz Biotechnolegy inc. ) ]

sIRNA description: A
s SiRMNA refers to small interfering or shert interfering RNA v el
s Requires transfection of cells using a lipid-based transfection i
reagent
- i ~dow : 1
s Useful for a transient knock-down WRNA citors the cell via
SIRNA product details: Iipad;b;mmi Lranstec liog L 3
o SIRNA Gene Silencers are pools of three target specific 19-25
nuclectide-long double stranded RBA rolecules with 2-nt 3° HE N A
overhangs on each end RN SRS

i e 10 [M, 50-100 transfections
; » for independent verification of target gene silencing results,
individual siRNA duplex compenents are also available upon
reqjuest
niHMNA bands RS0

W
g ey

Support Products for siRNA Gene Silencers:

|
{RNA-nduced . o B4 |
: o ‘ silencing complex) S A @ \
s suitable control antibodies are avaitable sile 9 i o |
e RT-PCR Primers are availabie SR e s ‘
e siRNA Dilution Buffer, sc-29527
» SIRNA Transfection Reagent, sc-29528 . o tpede .
¥ ' SRMA strands e separated
; e SiRNA Transfection Medium, sc-36868 ’ s e supatite
i e siRNA Reagent System, sc-45064 " ; TN
: e Control siRNAs, including Control siRNA-A, sc-37007 Q !
s Control siRNA (FITC Conjugate)-A, sc-36869
StHNAMRESE complex
azsociates with the twrget Anatrriatier b b Y
mHrA and cleaves it
LR |
& ANSL Y Y # i
rFy o - S N A
Tirped s I I
!
!
L :
| N
| - ;
i o @ |
| |
' Lol e
i
FGE-19 siRHA (1)) sc- 39480 CD% siRNA (h): sc- 35032 Daxx siRHA (h): sc-35178 Celeh sIRMA {h): sc-29758 cytochiome ¢ sIRHA {h):

50-29207

hltp:,f/www.scbl_com/gene__silencers.html#shrlm_p!asmid Page 2 of 7



Gene Silencers

T

CRK 1 siRNA (m): sc 29308

cPLAZ STRMA (h): 5¢-29280

C-Sre SIRMA () 5¢-29228

4/19/10 1:09 PM

053 siRNA (h): 5029435 tamin AJC siRBA (h): sc- 35770

Clicl to jump to the section of your choice:

i siRNA Gene Silencers  shRNA Plasmids

shRMA Plasmid description:

: s shRNA refers to small hairpin or short hairpin RNA

! e Plasmids encoding shRNA enter the cell via lipid-based
transfection

o shRNA plasmids are capable of transient or stahie inhibition of
target gene expression

s shRNA Plasmids are provided as a pool of three to five lentiviral

vector plasimids which each encode a target specific 19-25 nt

shRNA with a 6 hp loop

20 pg, up to 20 transfections

shRMA transcription is under the control of the H1 promoter

provided as transfection-ready purified plasmid DNA

After transfection, cells stably exprassing shRMNA can be setected

by puromycin treatment

e 0 B @

Suppert Products for shRNA Plasmid Gene Silencers:

suitable control antibedies are available

RT-PCR Primers are available

shRNA Plasmid Transfection Reagent, sc-108061
shRNA Plasmid Transfection Medium, sc-108062
Control shRNA Plasmid-A, sc-108060

Control shRNA Plasmid-B, sc-108065

Control shRNA Plasmid-C, 5¢-108066

P 2 ¢ & B O &

Confirm shRNA Plasmid Geng Silencer transfection efficiency
with copGFP Control Plasmid: sc-108083

Generate Cells with stable expression of shitNA

Gupdm 0.dugfm O Suafrel Lupfml Bugfinl SOugdey

PR LAY St

(R IEE ICIE PR e

Quzfid O 3updmy’ O Supliet Lupfenl Bupdo 20upfint

http:/ fwww.scht.com/gene_silencers.iitml#shrna_ plasmid

shRNA Lentiviral Patticles

Frequently Asked Questions Back to top

How do shRRNA Plasmid Gene Silencers work?
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IL- 1a shRNA Plasmid {h): PTH shRNA Plasmid (im): TCF- 4 shRMA Plasinid (h): FIS shRMA Plasmid (h): VEGE-D shRNA Blasmid (b):
50-30613-5H sc- 39714-SH sC-43525-5H Se-39703-5H s(-30844-5H
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Amylase shREA Plasmid (h): FGF-19 shRMA Plasmid {h): MMP-9 shRNA Plasmic (h}): BHEP-4 shRNA Plasmid (h): Cyr61l shRHA Plasmid (h): !
s-29075-5H 50 39480-5H s0-26400- 511 sc-39744- 51 s0-39331-54 !

Click to jump to the section of your choice:

SsiRNA Gene Silencers  shRNA Plasmids  shRNA Lentiviral Particles = Freguently Asked Questions Back to top

How do Lentiviral Particle Gene Silencers work?
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shRMA

Lentiviral Patticle description;

shRNA refers to small hairpin or short hairpin RNA

Lentiviral Particles deliver a shRNA encoding plasmid to target
cell

yseful for either transient or stable knock-down of a target gene
Lentiviral Particles are provided as transduction-ready viruses for
targeted gene silencing in rnarmmalian cells (human or mouse)
200 yl viral stock containing 10% infectious lentiviral transducing
particles per ml, sufficient for 10-20 transductions

The Lentiviral Particles generally contain three to five expression
constructs, each construct enceding a target specific 19-25 nt
shRMA with a 6 bp loop

After transduction, cells stably expressing shRNA can be selected
iy puroimycin treatment

copGFP Control Lentiviral Particles aliow confirrmation of the
transduction efficiency of the Lentiviral Particles in a target cell
population by expression of GFP detectable by either flow
cytometry or fluorescence micrescopy.

The benefits of using shRNA Lentiviral Particles include avoiding
harsh transfection technigques and the ability to introduce shRNA
to any cell type

Biosafety information - Lentiviral Particles are repilication-
incompetent and are designed to self-inactivate after
transduction and integration of shRNA constructs into the
gencmic DNA of target celis.

Support Products for shRNA Lentiviral Particle Gene Silencers:

a
[
-3
2
@

syitable controf antibodies are available
RT-PCR Primars are available

Control shRMA Lentiviral Particles: sc-108080
copGFF Control Lentiviral Particles: sc-108084
puromycin dihydrochloride: sc-108071

Generate Cells with stable expression of shRNA
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| -

http:/;‘www.scbt.com,’qene_silencers.html#sh|'nalplasmid

shRbA
=l i Pt
sHIANA Leanviral Paticies

DR LY

safdhd praduet s teevacrioe:d

SWANA e s
removed by DIDEYS

A processed s:3NA results

s HNA brd: SO
{FN A= el shone o
camplex)

SiHINA sbrands are sepoarated

S INASHEST compiex
ascooiates with e targe!
ANMA and sieaves il

4/1%/10 1:09 PM

&
s etuag gyt B
[ FERI R
1,,
[AREE
L
o
O R R TP Y YA
Aot £10d
N ST R IEIE] ygre
P

Page 5 of 7



Gene Silencers 4/19/10 1:09 PM

W i s o8
| iy
i \
| !
s | .
PP shRNA (1) Lentiviral ephrin- AL shRHA {m) Lentiviral P-4 shREA Plasmid (I):

Particles: se-45991-V Paiticles: sc-3942/7-V sC-72122-5H
! s !

!
! 7t

#5

2937 cells stably transduced with copGFP Control Lentiviial
Particles {sc- 108084) compared with non-tansduced 297371
cells as a negative control,

THIFB shRMA Plasmid (h): Somatestatin shRMA (h) Lentiviral  fos B shRNA (1) Lenliviral
s€-3/218-5H Particles: sc-39728-V Narticles: sc-35403-V

Click to jump to the section of your choice:

| siRNA Gene Silencers . shRNA Plasmids  shRNA Lentiviral Particles  Frequently Asked Questions  Back to top

[ N N - ) Frequently Askad Questions:

What are the advantages of using shRNA versus siRNA?
Transfection of siRMA Gene Silencers into cultured cells provides a fast and efficient, though short-term, decrease in target gene expression.
One may achieve stable gene silencing using shRNA Plasmids or shRNA Lentiviral Particles followed by puromycin selecticn. So, if one is
targeting the expression of a protein with slow turnover, shRNA Plasmid or ShRNA Lentiviral Particles would be idea! for accomplishing the
goal.
What is the difference between using shRNA Lentiviral Particles versus shRNA Plasmids?
\ Transfection is required to use shRNA Plasmids for target gene silencing. Whereas shRNA Lentiviral Particles arrive ready fo add to virtually
) any mammalian cell type, including primary and non-dividing cells. Both ShRNA Plasmids and shRNA Lentiviral Particles may be used to
develop stable expression of the shRNA with purormycin treatment. Lentiviral particles are shipped on dry ice while shRNA Plasmids are
shipped on blue ice.
Do Lentiviral shRNA products pose any safety concerns?
Lentiviral particles can be employed in standard Biosafety Level 2 tissue culture facilities (and should be treated with the same level of
: caution as with any other potentially infectious reagent). The Lentiviral Particles are replication-incompetent and are designed to self-
! inactivate after transduction and integration of the shRNA constructs into the genornic DNA of target cells.
© Are the sequences of your shRNA products the same as those for your related siRNA products to the same gene? Do you make those
sequences available?
Yes. The sequences encoded in cur shRNA Plasmids are the same as those dsed in the corresponding siRNA Gene Silencer products. These
I sequences are available to customers. Contact your Technical Service Represantative,
The shRNA Plasmids are provided as a pool of three to five plasmids. Are they provided in separate vials? Are the individual shRNA
L plasmids of a pooled product sold separately?
) The shRMA Plasmid products are provided in one vial. We offer the siRNA strands separately upon request. We may offer the plasmids
separately in the future.
What kind of lentiviral vector do you use? What is the "vector name"?
The lentiviral vector we use is a custem made, proprietary vector. Please let us know what information you are looking for and why you need
it. We might be able to answer your question without disclesing proprietary information.
What type of promoter does your vector use for shRNA transcription?
The vector uses a H1 promoter
What type of selection marker(s) are in the vector?
The vector has a Puromycin resistance gene encaoding puremycin N-acetylitransferase enzyme for selection of successfully transfected or
transduced cells.
How do you propagate the tentiviral vector plasmid?
The shRNA Pilasmids and Lentiviral Particles are sold as transfection / transduction ready products. Ko additional preparation is necessary.
shRMA Gene Silencers are consumable products for which no propagation protocols are provided,
What is copGFP and how is it helpful for use with the shRNA plasmids and Lentiviral Particles?
fiy administering the copGFP plasmid or copGFP Lentiviral Particies to a separate sample of target cells, one can identify the transfection or
viral transduction efficiency for the target cell pepulation. The copGFP plasmid and capGFP Lentiviral particles lead te expression of copepod
green fluorescent protein which can be detected using & fluorescence microscope or flow cytometer.
What is the difference between (h) and {(h2) shRNA products (for example E-Cadherin, 5¢-35242-5H and s¢-44222-51}7
The (h) and (h2) preducts are designed to silence the same gene, they have different sequences.
What support products and transfection reagents must I purchase from SCBYT to use your shRNA Plasmids?
We recopmmend our shRNA Plasmic DNA Transfection Reagent, sc-108061 in addition to shRNA Plasynid ONA Transfection Medium,
sc- 108062 . We also recommmiend our control shRNA Plasmid DNAs, either 5¢-108060 (A), sc-108065 (B) or sc-108066 (C). These encode
scrambled shRNA sequences which will not target any known mammalian mRNA.

Click to jump to the section of your chioice:

hitp:/ fwww.scht.com/gene_silencers.html#shrna_plasmid Page 6 of 7



Gene Silencers 4/19/10 1:09 PM

siRNA Gene Silencers  shRNA Plasmids  shRNA Lentiviral Particles = Frequently Asked Guestions  Back to top

fleferences

1. Fire, A., Xu, S.Q., Montgomery, M.K., Kostas, 5.K., Driver, S.E. and Mella, C.C, 1998. Potent and specific genetic interference by double-
stranded RNA in Caenorhabditis elegans. Nature 391: 806-811.

2. Das, P.P., Bagijn M.P., Geldstein, L.D., Woolford, 1.R., Lehrbach, N.},, Sapetschnig, A., Buhecha, H.R,, Gilchrist, M.3., Howe, K.L.., Stark, R.,
Matthews, M., Berezikov, E., Ketting, R.F., Tavaré, 5. and Miska E.A. 2008, Piwi and piRNAs Act Upstream of an Endogenous siRNA Pathway
to Suppress 1¢3 Transposen Mobility in the Caenorhabditis elegans Germlbine. Mol Cell 31: 79-90.

3. Kawasaki, H., Taira, K. and Morris, K.V, 2005. siRNA Induced Transcriptional Gene Silencing in Mammalian Cells. Cell Cycle 4: 442-448,

4. Georgantas II1, R.W., Mildreth, R., Morisot, S., Alder, 1., Liu, C.G., Heimfeld, 5., Calin, G.A,, Croce, C.M, and Civin, C.1. 2007, CD34+
hematopoietic stem-progenitor cell micraRNA expression and function: A circuit diagram of differentiation cantrol. PNAS 104: 2750-2755.

5. Chotkowskia, H.L., Ciotab, A.T., Jlab, Y., Puig-Basagoitic, F., Krarmerb, L.D., Shic, P.Y. and Glaser, R.L. 2008. West Nile virus infection of
Drosophiia melanogaster induces a protective RNAI response. Virology 377: 197-206,

6. Kawasaki, H., Taira, K. and Morris, K.V. 2005, siRNA Induced Transcriptional Gene Silencing in Mammalian Cells. Cell Cycle 4: 442-448.

7. Tamura, Y., Yoshida, M., Ohnishi, Y. and Hohjoh, H. 2008. Variation of gene silencing invelving endogenous microRNA in mammalian cells.
Mo} Biol Rep, epub.

5. Hammond,S.M., Beettcher, 5., Caudy, A.A., Kobayashi, R. and Hannon, G.J. 2001. Argonautez, a Link Between Genetic and Biochernical
Analyses of RNAI, Science 293! 1146-1150.

9. Zhanga, Y., Yanga, H., Xiaoa, B., Wub, M., Zhoua, W,, la, J., Lib, G. and Christados, P. 20G8. Dendritic cells transduced with lentiviral-
mediated RelB-specific ShRMAs inhibit the development of experimental autoimmune myasthenia gravis. Mol Imunol, epub.

Copyright 5, 2007-2010, Santa Cruz Biotechnology, Ine. All Rights Reserved.  LEGAL

htip:/ fwww.scbt.com/gene_silencers.hitml#shrna_plasmid Page 7 of 7



Addgene - Mammalian RNAi Tools 16-G3-04 4:23 P\

Login | New User

,'f;’ oI el £ P A
i FB e e Search for P! ids: e
RPN i W S reh for Plasmids: To

Advancead Seaion

Plasmid Cart

. . —hra o i . Your satiz emnty
Browse > Mammalian RNA Tools > Packaging ard Virus Production

Lentivirus Packaging and Production

Recently Viewed
The laboratories of Qidier Treno (EPFL) and Robert Weinberg (Whitehead institute) have deposited plasmids for the NMami

k fan RMALT
production of lentiviral particles. These plasmids can be used with many leativiral vectors, including The RNAI Cale
Consoriium ShRNA vectors being distributed by Sigma (i.e. MISSION shRNAs) and Cpen Biosystems (i.e. TRC o
shRNAs) r3AS3Zneo

s Plasmid 1757
QOvarview

Fer producing lentiviral particles, you typically need three components: 1) a lentiviral vector, such as glLKO.1 or
SLVTHM . containing the shRNA or transgene, 2) a packaging vector, such as 28PAX2 or pCMV-dRS 2 dvor, and 3) an
anvelope vector, such as gMD2.G or pCMVVSVG

For most applications, you can produce viral particles by transient transfection of 2837 celis with a 2nd generation
packaging system (e.g. packaging plasmid psPAX2 and envelope plasmid pMD2.G).

2nd Generation Packaging System

in general, lentiviral vectors with a wildiype 5 LTR need the 2nd generation packaging system because these vectors
require TAT for activation. All tentivirai vectors frorm the Trono or Aebischer iab require packaging with a 2nd generation
system.

Below are two 2nd generation systems. Lentviral plasmids based on pLKO. can be packaged with either system,
although the first system nas been reported to produce higner titer. See Addgene's pLXQ " Protocol for producing
lentiviral particles.

2nd generation system deposited by the Trono lak:

o Plasmid Description

| 12260 psPAX2 2nd generation packaging plasmid for producing viral particles. psPAX2 contains a robust CAG
promoter for efficient expression of packaging proteins. Trone lab and Aebischer lab lentiviral
vegtors require psPAXZ. Producas higher titer than pCMV-dRB.2 dvpr.

, 12238 pMD2.G - Envelope piasmid for producing vira! particles

ond generation system deposited by the Weinberg lak:

i 1D Plasmid Descripbon
L8455 pCMV-dRB.Z dvpr  2nd generation packaging plasmid for producing vira! patticles
% 8454 pCNV-VSVG Envelope plasmid jor producing viral particles

3rd Generation Packaging System

The 3rd generation packaging system offers maximai biosafety but is more cumbersome to use, as it involves the
transfection of four different plasmids in the producer cells (two packaging plasmids. an snvelope plasmid, and the
entiviral vector).

if you wish 0 Lse this system. you need o have a lentiviral vactor with a chimeric 5' LTR in which the HIV promoter is
repiaced with MV or RSV, thus making 1t TAT-independent. Sxamples of these vectors include olKO 1 pti3.7. pl3.
o_enti6, pdiso/pSicoR, pCl, pCS, and plova,

Mast Aebischer and Trono Lab lentiviral veciors CANNOT be used with s system. A lentivirai vecter carrying a
~himeric 5 LTR can be packaged with either the 2nd or 3rd generation packaging systerm,

D Plasmid Description '

1925 oMDLY/pRRE 3i¢ generation packaging masmid for producing virat parﬂo’lesi

kg ;mvx-v.addgene.org,'pgvecl?f—c&cmd:showcol&co‘:id=l JQk&page=ha Page L of 2
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i 12253 pRSV-Reav 3rd generzation packaging plasmid for producing virai particles {

12258 pMD2.G Envelope plasmid for producing viral particles i

Mare information

L]

Click here to browse other RNAI vectors, or search for plasmids using the search bar at the top of the page
Trono Lab website or ariiwes: information and a discussion forum on clening, packaging, and other protocols.

Moffat J et al. 2008, A lentiviral RNAI fibrary for human and mouse genes applied to an arrayed viral high-content
screen. Cell 124:1283-1288. (PubMed)

Ventura et al. 2004. Cre-lox-regulated conditional RNA interference from transgenes. PNAS 2004 Jul
13;101(28410380-5. (PubMed)

Naldini L et. ai. 1998 In vivo gene delivery and stable transduction of nendividing cells by a entiviral veclor.
Science 272:263-267. {PubMed)

Dull et al., A Third-Generation Lentivirus Vector with 2 Conditiona! Packaging Systern. J. Virol. 1988 72{11). 8463-
3472, (PubMed)

Zufferey R et al. 1997. Muitiply attenuated lentiviral vector achieves efficient gene deiivery in vivo. Nat Biotechnacl
15(9):871-5. (PubMed)

Zufferey R et. al. 1988 Self-inactivating lentivirus vector for safe and efficient in vivo gene delivery. J Virol
72(12).5873-80. (PubMed)

Cell Line

“he 293T cell line for producing lentiviral particles can be obtained from GerHunter,

attp:/ Swwew.addgene.org/pgvecl? ~c&cmd sshowcol&colid=1 70&page =6
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Srowse > Bob Weinherg > Atticle > pBABE-neo

Search for Plasmids:

2rint Friendly

" Plasmid 1767: pBABE-neo .-

none
Unknown

pBABE -nec
{Search Vector Database)

Mammalian expression,Retroviral
5330

pBABE 5' (List of Scquencing Primers)
pBABE 3

Ampicillin

High Copy

Yes

Neomycin

View map

DH5a

Bob Weinberg

pBABE protocol (PDFY

MTA

Morgenstern JP, Land H., 1980, Nucleic Acids Research 18(12).3587-26.

Email

Note: There is an extra ~300 bp of vector sequence between the Hindlil site and the neomycin
gene that is not depicted in the author's sequence.

If you are using the pBABE protocol from the Weinberg Lab to generate virus, please note that

Addgene supplies pCL-Eco (#12371), VSV-G (#8454), and a gag/pol expression vecter

(#8455).

Addgene has sequenced a portion of this piasmid for verification. Ciick here for the sequencing

result.

Click on map to eniarge

atipcf fwww.addgene org/pgvecl f=c&emd=Ffindpl&identifier=1767 Lattag=r&atgx=

Login | New User

Advanced Saarch

Price: $65.00

ot}

Author's Map

Sequence
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Bob Weinkerg Lab
Plasmids

pBABE-hygro

pBAZE -ouro

08ABE-zeo ( pBABE-
bleo)

pBABE GFP

pBABE-neo-hTERT
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5_LTRZ2
3MoMutV_LTR
psi_plus_pack
pBABE_5_primer
pBABE_3_primer
$V40_enhancer
SV40_promoter
SV40_origin
SV40_promoter
SV40pro_F_primer
QRF frame 3
NeoR/KanR
3MoMuLV_LTR
5 LTR2
p3R322_onigin
Ampicilin

AmpR_promotar

¥
A
\"

12 - 479

18 - 479
549 - 1350
1318 - 1334
1428 - 1408
1629 - 1414
1426 - 1694
1593 - 1670
1546 - 1748
1655 - 1674
1752 - 2564
1773 - 2561
2611 - 3204
2553 - 3204
4130 - 3561
5202 - 4342
5272 - 5244

Spel
Aatll
Bamit
EcoRl
Sall
Stul
Hindlll
Clal
Nhe!
Notl

615

71
1355
1379
1397
1726
1743
25687
2841
4294

Slease ackrow'sdge the principal investigator If you use this plasmid in a publication.

Also, please include ne text "Addgere plasmid 1767" in your Materials ard Methods sechon.
This information ailows Addgene to create a link from the plasmid page to your publication,

hiip: Swww.addgene.org Jpgueciif=ckemd =findpl&identifier=1767&aitay =r&atgx=

10-G3-04 4:22 PV
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Material Safety

Data Sheet

Revisich Date 06/18/2009
Print Date 02/03/2010

Versien 3.1

1. PRODUCT AND COMPANY IDENTIFICATION

Product name . ADP-ribosyltransferase C3, from Clostridium
botulinum

Product Number : AB724

Brand ;. Sigma

Company - Sigma-Aldrich Canada, Ltd

2149 Winston Park Drive
QAKVILLE ON L6H 648

CANADA
Telephone 1 +18058259500
Fax . +13058299292
Emergency Phone # . 80C-424-9300

5. COMPOSITIONANFORMATION ON INGREDIENTS

Synonyms - Botulinum neurotoxin C3
C3 Exoioxin
C3 Transferase
C3 Exoenzyme

[CAS-No. [EC-No. [index-No. f Concentration

|
| ADP-ribosyltransferase C3 from Clostridium botulinum

[58319-92-9 [- - [-

I

3. HAZARDS IDENTIFICATION

WHMIS Classification

D28 Toxic Material Causing Other Toxic Effects Moderate respiratory iritant
HMIS Classification
Health Hazard: 2
Flammability: 0
Physical hazards: ¢
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 iritation.
Ingestion May be harmful if swallowed.

4. FIRST AID MEASURES

. N Ao Sigma-Aldrich Corporaticn
Sigma - ABTZ4 weaw.sigma-aldrich.com

Page 1 of °



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 parson into fresh air. If not breathing give artificial respiration Consult a physician.
in case of skin contact

Wash off with s¢cap and plerty of water. Consult a physician.

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

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

5. FIRE-FIGHTING MEASURES

Flammable properties
Flash point no data avaiiabie

Ignition temperature  no data available
Suitahle extinguishing media
Use water spray, alcohol-resistant foam, dry chemicai or carbon dioxide.

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

6. ACCIDENTAL RELEASE MEASURES
Personal precautions
Use personal proteclive equipment. Avoid dust formation. Avoid breathing dust. Ensure adequate ventilation.

Environmental precautions
Do not let product enter drains.

Methods for cleaning up
Pick up and afrrange disposal without creating dust. Keep in suitable, ciosed containers for disposal.

7. HANDLING AND STORAGE

Handling

Avoid formation of dust and asrosais.

Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire
protection.

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 substarices with occupational exposure limit values.
Personal protective equipment

Respiratory protection

Where risk assessment shows air-purifying respirators are appropriate use a dust mask type N35 (US) or type P1
(EN 143) respirator. Use respirators and components tested and approved under appropriate government
standards such as NIOSH (US) or CEN {EU}.

Hand protection
riandie with gicves.

Slgma-AldriCh COFpOfatEOn T

Sigma - ABT24 Wi Sigita-akinch . com
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Eye protection
Safety glasses with side-shields conforming to EN166

Skin and body protection

Chcose body protection according to the amount and concentration of the dangerous substance at the work
place.

Hygiene measures

Handle in accorcance with good industrial hygiene and safely practice. Wash hands pefore breaks and at the end
of workday.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form solid

Safety data
pH no data available
Melling point no data available
Boiling point no data available
Flash point no data available

lgnition temperature  no data available
Lower explosion limit no data availabie
Upper explosion limit  no data available
Water solubility no data available

10. STABILITY AND REACTIVITY
Storage stability
Stable under recommended storage conditions.

Materials to avoid
Strong oxidizing agents

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Nature of decomposition products not known.

11, TOXICOLOGICAL INFORMATION

Acute toxicity

no data available

irritation and corrosion

no data available

Sensitisation

Prolonged or repeated exposure may cause allergic reactions in cernain sensitive individuals.
Chronic exposure

IARC: No compoenent of this product present at levels greater than or equal to 9.1% is identified as
orobable, possible or confirmed human carcinogen by [ARC.

““Slgma-Aldrich Corporaticr
www sigmea-aldrich.com
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Signs and Symptoms of Exposure

Headache, Dizziness. To the best of our knowledge, the chemical, physical, and toxicological properties have not
heen thoroughly investigated.

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 irmitation.

Ingestion May be harmiful if swaliowed.

12, ECOLOGICAL INFORMATION

Elimination information (persistence and degradability)
no data available

Ecotoxicity effects
no data available
Further information on ecology

no data available

13. DISPOSAL CONSIDERATIONS

Product

Observe all federal, state, and local environmental regulations. Contact a licensed professionat waste disposal
service to dispose of this material.

Contaminated packaging
Dispose of as unused product.

14, TRANSPORT INFORMATION

DOT (US)
Not dangercus goods

IMDG
Not dangerous goods

1ATA
Not dangerous goods

15. REGULATORY INFORMATION

DSL Status
This product contains the follewing components that are not on the Canadian DSL nor NDSL lists.
CAS-No.
ADP-ribosyltransferase C3 from Clostridium botulinum 5831¢-92-9
WHMIS Classification
D28 Toxic Material Causing Other Toxic Effects Moderate respiratory irritant

16. OTHER INFORMATION

Further information
Copyright 2009 Sigma-Aldrich Co. License granted to make unlimited paper copies for nternal use only.

Sigma-Aldrich Corporation

; gl ot Sage 4 of P
wiwv sigma-aldrich.com
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The above information is believed to be correct but does not purport to be all inclusive and shail be used only as a
guide. The information in this document is based on the present state of cur 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., shalt not be held liable for any damage resulting from handling or from contact with
the above product. See reverse side of invaice or packing slip for additional terms and conditions of sale.

. . | ‘ Page 5 of §
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1. identification of the substance/preparation and of the company/undertaking

wel e : Phaligidin. Amanita phafloides Cadnin

= fermui ;o CureNO-S

Nrmomaan 1 ohaloidin

sC-202785

Santa Crug

2135

Daiaw,

HAigiechrology, inc.
carg Avenus

Santa Cruz, Catitorrsa 25560

80C.E7.3807 or 831 457 380D

2. Composmor‘ information on ingredients

Tentniion : Subsiance

e B Y FUON e PSvainy
;

Phaladin Amamla phaliodes 17465-45-4 245-484-5 T4

"R27128

3. Hazards identification

Handdea) vhemien hasards o Mot apphoabe

DANGER!

MAY BE FATAL IF ABSORBED THROUGH SKIN OR IF SWALLOWED
MAY CAUSE DAMAGE TO THE FOLLOWING ORGANS: KIDNEYS, LIVER
GASTAOINTESTINAL TRACT. CENTSAL NERVOUS SYSTENM.

4, First-aid measures

Lid measaroes

~outh lo an

laimaation . B onnaied. remove 0 resh ain, ot braathing. gove artfoal respiration. It breathing s dthcult, give axyger Gel medea
atenien
U C Ot swaliowed, ¢o rot :duce vomiing wniess directed 1o o 5O by medical persornel.  Nevar Gve anyithing oy
LOCERSEIoUS person. LOoSan tignt clothing such as a coiiar. tie. balt or waistbane. Geil mecical atention mmediatay
LI e . n case of comiact immedhaiely fush skin with plenty of water. Remove comtamimated clolming ard sroes

befora reuse. Troroughly Clean snoes before rause. Gel medical atiention.

YWash ciotning

. Check lor ard rémave any cortact ienses. 1 case of coac immagiateny Hush ayes with pignty of watar for at'east 15

micuies. Get medical aitenion,

Sxrrermaly hazardous o case of ngesion May D8 tatal f swalowsd

N RTINS © Extremeiy hazardous in case of $4in CONtact (parmealcr:  Savera gver-exposure can resuilin deain
Lo vond s . neppa ted 2xpOSUTE 1D 2 Mighly Ioxic malerdl may pracduce general delanoraton of neaith by an Aactumulancn i Sre o7

macy human grgars.

3. Fire-fighting measures

Aay e Sombustdig at mgh temperatura

Fiviaibitert N
fog oricarr Do ratuse waly ot

owicas (GG, CO2y miroger sxdes inD NO2

e U2 10 L38 an ADDrOVRC/Cet eC 1ASRralor or 2gevatent

e lannarg shoLid wear cosidive prassure sel-oontaned breathing apparaius (5CE

A and b



6. Accidental release measures

Do Spiesh gogaies. ~ul sut Dust respiralor Beools. Gioves. A se;:‘-con:ame:_; Pa‘r‘qu agparatus should oo
nnalzbion of the proguct. Suggesiad protachve sioining might not bé coonsul a .,r=c.a<.s. SEFORT nandi
oduct

Al Pramd enh . Usi appropriate tooks 0 DUt e spiied solc .0 3 conven.ent waste 4isgosai santainer

Coesnland vt . Sicp teak f vathout nisk, Do rot get waar nside centamer. Do not tzuch spiied materal  Use2 waler spray o lecuce

vapors. Prevant entry :nto Sewars. DASETMENTS or contined areas. dike i neadad. Elipwnate al (Jnon souwces Catl

ior assislance on d.S3058i

7. Handiing and storage

Keep locked up. Keep away from heal. Keep away from scurces cf igniton. Emply containgrs cose a fre s s%c SYRROTELS
ine residue under a fume hood. Ground afl equipment containing ma\e.:al U0 natingest Do not reathe Just Avoig
gontact with skin, Wear sultable protective clothing. i ingesled. seek medical advice wmim ediately anG show he Ioniaires
cr tne iabel

Keap contairer tighlly closea  Keeo comtainer i a2 coot wtl-vertiated area Do gt siore atove 4 ciez s

LRI TR IO AU DU ongind oonlainer

™ 4+
8. Exposure controis/personal protection
Use process enclosures, iocal exhaust vensiiakon, or Siher engineering Conlrals 10 X22p rborne 13veis below
recommanded exposure Imis. ¥ user operatons generale dust. fume or mist. use veniial on 10 K2ep $XOOSUI 10 AN
coentaminants below he exposre Himil.
"Wash hands. ‘orearms, anc ‘ace tharoughiy a’ter nandhng compounds and nefre ealing, SMOKAG. LSNG lavaicry. and a
the znd of dav

Odcemationg! Pyoemure §ingies

raliodin, Amania phailoides Net avallatle.

e et b
R nnarn sy sten: -+ Dustrespraler  Be SuLe W0 use an approvedigerntified respwrator o aguvaent
=5 BOEN Lan eoat
Lanra . Gloves.
s 1 Salewy glasses

Pleteatan

9, Physical and chemical properties

Y ant e - 3oic.
CONoress

dan 1 788G gimole

230 10 282°C {3356 ¢ 539.58°7)

Sas:ly sChue N meinangt

Mot available

\G! 2 «a a’-‘)iﬁ'

T e : :m‘fs w‘ exp.us on of ‘he srodudt

0. Saab tv and react vity

The aroguc! 5 stavie,

s byt oid Nat avallasie

Trese producis a2 saroe axces {00 COZ: mirogen sxdas (N NOZ - sullur oodes (302 343




Nt 1 O SEYSDOK)

Not avalabla,

LESC, Notavadtable

LC3G: Not avarlable.

S Lonavinh ;. Repeated exposure 10 a highly toxe matenal may sroduce general deternoration of 7ealh oy an
many human o:gans.

Toxic for humans o animal life.

Extremaly hazardous i case of skn contact (permealsr) of ingaston,

MILIALCT Y BN OF

B S L e YT TR
LRI SV T

wot availabls

Not avadabla

oot ©ONOTavaianie.
Slulnaemie o Teets o oNotavatable
Renraduetion wondvin : Not avaiiable,

ot availabls

12. Ecological information

NoUavaiabie

The products 2! degradation ar2 iess toxc than the srocuc! itself

i3. Disposal considerations

aewal Waste al tdcues: © Waste muost be disposed of in accorgance with lederzl, state anc ocal environmental continl raquiatens

NPT

it T Nt

UNZET

e D o Toxic sohd. organc. nes

SR e . GLASS 31 Toxc sabstanne,

VTR T T A
5,
< >
\ 7
RN
N
N
RN LY Toawc 3o Organic. 0.5
¢ TLASS 61 Toxw siosiance
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ot avaiiadie

' 15. Regulatory information

Lasued vmtalis

Very (okic

R27:28- Very 1ong in camtact with skin and & swalowed.

522+ Do not oreathe dust.

§38/5739- YWear suinable protechive ciothing, gioves and eyeface protection

545- In case of acciden: or # you teel unwell seek medical advice immediately {3how ‘he ighel wnere possible)
- Paglicidin. Amanita phalioides

TSCA, NG producis werg found.

SARA 3027304/311:312 exiremely hazerious subslances: No products were found,
SARA 302504 emergency planning and notlticaticn: No products were ‘ound.
SARA 302704/311/312 hazardous chemicals: No progucts were found.

SARA 311312 MSOS disinbution - chemical invaniory - hazard dentdication” No progucts were fourd
SARA 313 toxic chemical rotification and release reporting: No procucts were icund
Clean Water Act (CWA) 307 No progucts were found

Clean Water Act [CYWA) 311 No producis were tourd.

Clean air act (CAA) 112 accidental rglease pravention. Na products were found.
Clean air act (CAA) 112 regulated tlammable sybstances: No products wera feunrc
Clean air act {CAA} 112 reguiated toxic subsiances NG progucts were lounc.
CLASS: Pighiy toxe.

SLASS: Target organ effects

NGt controiled uncer WHMIS [Canadal

No preducts wera lounc

16. QOther information

. ' i
e s oo SRR
{ Reactivity !
B ~ 1 . - s
“Parspnat Protestion | O -

The above informaiion is believed to be correct but doex nol parport (o e complete and should de used oniy o5 « guide. The barden of
vafe wse of this material rests eatirely with the user.

£8/21/2009



MATERIAL SAFETY DATA SHEET

SECTION 1 - SUBSTANCE IDENTITY AND COMPANY INFORMATION

Product Name: G418 Suifate
ATCC Cataltog No.: 30-2305

COMPANY INFORMATION: AMERICAN TYPE CULTURE COLLECTION
PO BOX 1549
MANASSAS. VA 20108
FOR INFORMATION CALL: 800-638-6397 or 703-365-2700
AFTER-HOURS CONTACT: 703-365-2710

CHEMTREC EMERGENCY: 800-424-9300 or 703-327-3887

SECTION 2 - COMPOSITION/INFORMATION ON INGREDIENTS !
HAZARDOLS INGREDIENTS | CAS NUMBER | EC NUMBER (EINECS) | 1
P G418 I 108321-42-2 UNLISTED '
SECTION 3 - HAZARDS IDENTIFICATION

EMERGENCY QVERVIEW:

HARMFUL BY INHALATION AND [F SWALLOWED.
AVOID CONTACT WITH SKIN AND EYES.

DO NOT BREATHE DUST.

WHEN USING. DO NOT EAT. DRINK. OR SMOKE.

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND SEEK
MEDICAL ADVICE.

WEAR SUITABLE PROTECTIVE CLOTHING AND GLOVES.

IN CASE OF ACCIDENT OR IF YOU FEEL UNWELL. SEEK MEDICAL ADVICE IMMEDIATELY
{(SHOW LABEL WHERE POSSIBLE).

TARGET ORGAN:
NIDNEYS.

EARS.

EYES.

"SECTION 4 - ) FIRST AID MEASURES

EYES: FLUSH WITH PLENTY OF WATER FOR AT LEAST 13 MINUTES. ASSURE ADEQUATE
FLUSIING BY SEPARATING THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.

SKIN® IMMEDIATELY WASH SKIN WITH SOAP AND PLENTY OF WATER.

INGESTION: WASH OUT MOUTH WITH WATER PROVIDED PERSON 15 CON SCIOUS. CALL A
PHY SICIAN.

INHALATION: REMOVE TO FRESH AIR. {F BREATHING BECOMES DIFFICULT. CALL A

PHY SICIAN.

CSECTIONS - FIRE FIGHTING MEASURES




FEXTINGUISHING MEDIA:
WATER SPRAY. CARBON DIOXIDE. DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES:
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO PREVENT
CONTACT WITH SKIN AN EYES,

UNUSUAL FIRE AND EXPLOSIONS HAZARDS:
EMITS TOXIC FUMES UNDER FIRE CONDITIONS. SUBSTANCE IS NONCOMBUSTIBLE.

SECTION 6 - ACCIDENTAL RELEASE MEASURES

WEAR SELF-CONTAINED BREATHING APPARATUS. RUBBER BOOTS AND RUBBER GLOVES.
WEAR DISPOSABLE COVERALLS AND DISCARD THEM AFTER USE.

SWEEP UP CAREFULLY TO AVOID CREATING AIRBORNE DUST.

PLACE IN A SUITABLE CONTAINER. SEAL. LABEL. AND HOLD FOR WASTE DISPOSAL.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE. EVACUATE

SECTION 7- _HANDLING AND STORAGE

STORE AT REFRIGERATED TEMPERATURES (4 to 8° C). KEEP CONTAINER TIGHTLY CLOSED.

SECTION § - EXPOSURE CONTROLS/PERSONAL PROTECTION

MECHANICAL EXHAUST REQUIRED.

WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR., CHEMICAL-RESISTANT GLOVES.,
SAFETY GOGGLES. AND OTHER PROTECTIVE CLOTHING.

EMERGENCY SHOWER AND EYE WASH STATION SHOULD BE READILY AVAILABLE.

AVOID CONTACT WITH EYES. SKIN AND CLOTHING.

AVOID PROLONGED OR REPEATED EXPOSURE.

WASH THOROUGHLY AFTER HANDLING.

WASH CONTAMINATED CLOTHING BEFORE REUSE.

SECTION - PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR:
WHITE TO OFF-WHITE ODORLESS POWDER.

PHYSICAL PROPERTIES:
DATANOT AVAILABLE.

_SECTION 10 - STABILITY AND REACTIVITY

STABILITY:
STABLE.

INCOMPATIBILITIES:
STRONG OXIDIZING AGENTS.



HAZARDOQUS COMBUSTION OR DECOMPOSITION PRODUCTS:
CARBON MONOXIDE. CARBON DIOXIDE. NITROGEN OXIDES, SULFUR OXIDES.

HAZARDOUS POLYMERIZATION:
WILL NCT OCCUR.

SECTION 11 - TOXICOLOGICAL INFORMATION

ACUTE EFFECTS:

MAY CAUSE SKIN IRRITATION.

MAY BE HARMFUL IF ABSORBED THROUGH THE SKIN.

MAY CAUSE EYE IRRITATION.

MAY BE HARMFUL IF [INHALED.

MATERIAL MAY BE [RRITATING TO MUCOUS MEMBRANES AND UPPER RESPIRATORY TRACT.
MAY BE HARMFUL IF SWALLOWED.

TO THE BEST OF OUR KNOWLEDGE. THE CHEMICAL. PHYSICAL. AND TOXICOLOGICAL
PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

SECTION 12- ECOLOGICAL INFORMATION

DATA NOT AVAILABLE,

SECTION 13- DISPOSAL CONSIDERATIONS~

CONTACT A LICENSED WASTE DISPOSAL SERVICE TO DISPGSE OF THIS MATERIAL,
OBSERVE ALL FEDERAL. STATE. AND LOCAL ENVIRONMENTAL REGULATIONS.

. SECTION 14 - TRANSPORT INFORMATION

DATA NOT AVAILABLE.

SCHEDULE B NUMBER: 2941.90.6000

SECTION15- REGULATORY INFORMATION !

EUROPEAN INFORMATION:

RISK PHRASES 20/212

HARMFUL BY INHALATION AND {F SWALLOWED.

SAFETY PHRASES 20721, 22 24/23. 26.36/37_43

WHEN USING, DO NOT EAT, DRINK. OR SMOKE.

DO NOT BREATHE DUST.

AVOID CONTACT WITH SKIN AND EYES.

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND SEEK
MEDRICAL ADVICE

WEAR SUITABLE PROTECTIVE CLOTHING AND GLOVES.

IN CASE OF ACCIDENT OR IF YOU FEEL UNWELL. SEEK MEDICAL ADVICE IMMEDIATELY
(SHOW LABEL WHERE POSSIBLE}.

SECTION 16 - OTHER INFORMATION




THE INFORMATION PRESENTED IN THIS DOCUMENT IS BELIEVED TQ BE CORRECT BASED
LPON DATA AVAILABLE TO ATCC. USERS SHOULD MAKE AN INDEPENDENT DECISION
REGARDING THE ACCURACY OF THIS INFORMATION BASED ON THEIR NEEDS AND DATA
AVAILABLE TO THEM. ALL SUBSTANCES AND MIXTURES MAY PRESENT UNKNOWN
HAZARDS AND ALL NECESSARY SAFETY PRECAUTIONS SHOULD BE TAKEN. ATCC ASSUMES
NO LIABILITY RESUGLTING FROM USING OR COMING IN CONTACT WITH THIS SUBSTANCE.

2 2003 American Tvpe Culture Colicclion.
ATUO@ s g regisiered trademark of the American Type Culture Coilection.
Juby 2003



ATCC MATERIAL SAFETY DATA SHEET

SECTION 1. CHEMICAL IDENTIFICATION

Product Name: Dimethylsulfoxide (DMSO)
ATCC Catalog No.: 4-X

SECTION 2. COMPOSITION/INFORMATION ON INGREDIENTS
HAZARDOUS INGREDIENTS | CAS NUMBER | EC NUMBER (EINECS) | PERCENTAGE |
DIMETHYLSULFOXIDE 67-68-5 200-664-3 99 - 100% |

SECTION 3. HAZARDS IDENTIFICATION

LABEL PRECAUTIONARY STATEMENTS:

IRRITANT.

[RRITATING TO EYES. RESPIRATORY SYSTEM AND SKIN

COMBUSTIBLE LIQUID.

READILY ABSORBED THROUGH SKIN.

TARGET ORGAN(S):

EYES.

SKIN.

DO NOT BREATHE VAPOR.

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND SEEK
MEDICAL ADVICE.

WEAR SUITABLE PROTECTIVE CLOTHING.

MOISTURE SENSITIVE.

SECTION 4. FIRST-AID MEASURES

IF SWALLOWED. WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS. CALL A
PHY SICIAN.

IF INHALED. REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL RESPIRATION . IF
BREATHING IS DIFFICULT. GIVE OXYGEN.

IN CASE OF CONTACT. IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS AMOUNTS OF
WATER.

IN CASE OF CONTACT. IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS OF WATER FOR
AT LEAST 15 MINUTES.

SECTION 5. FIRE FIGHTING MEASURES

EXTINGUISHING MEDIA:
WATER SPRAY. CARBON DIOXIDE. DRY CHEMICAL POWDER OR APPROPRIATE FOAM

SPECIAL FIREFIGHTING PROCEDURES:
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO PREVENT
CONTACT WITH SKIN AND EYES.

American Type Culture Collection Emergency Teiephone:. {703} 365-2710{24 hou's;
2 C. Bex 1549 Informatior Telephone: {7331 363-2704
‘larassas VA 20108 1 Chemtrec {8001 424-8300



A QCC, - MATERIAL SAFETY DATA SHEET

UNUSUAL FIRE AND EXPLOSIONS HAZARDS:

EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

COMBUSTIBLE LIQUID.

METHYL SULFOXIDE (DMSO) UNDERGOES A VIOLENT EXOTHERMIC REACTION ON MIXING
WITH COPPER WOOL AND TRICHLOROACETIC ACID. ON MIXING WITH POTASSIUM
PERMANGANATE IT WILL FLASH INSTANTANEQUSLY ITREACTS VIOLENTLY WITH: ACID
HALIDES, CYANURIC CHLORIDE, SILICON TETRACHLGRIDE, PHOSPHORUS TRICHLORIDE AND
TRIOXIDE, THIONY L CHLORIDE. MAGNESIUM PERCHLORATE. SILVER FLUORIDE. METHYL
BROMIDE, 10DINE PENTAFLUORIDE, NITROGEN PERIODATE, DIBORANE, SODIUM HYDRIDE.
PERCHLORIC AND PERIODIC ACIDS. WHEN HEATED ABOVE iTS BOILING POINT METHYL
SULFOXIDE DEGRADES GIVING OFF FORMALDEHYDE. METHYL MERCAPTAN. AND SULFUR
DIOXIDE.

SECTION 6. ACCIDENTAL RELEASE MEASURES

WEAR RESPIRATOR. CHEMICAL SAFETY GOGGLES. RUBBER BOOTS AND HEAVY RUBBER
GLOVES.

ABSORB ON SAND OR VERMICULITE AND PLACE IN CLOSED CONTAINERS FOR DISPOSAL.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP [S COMPLETE. EVACUATE
AREA.

AVOID CONTAMINATING WATER SUPPLY .

SECTION 7. HANDLING AND STORAGE

REFER TO SECTION 8,

SECTION 8, EXPOSURE CONTROLS/PERSONAL PROTECTION

MECHANICAL EXHAUST REQUIRED.

SAFETY SHOWER AND EYE BATH.

WASH THOROUGHLY AFTER HANDLING.

KEEP TIGHTLY CLOSED.

KEEP AWAY FROM HEAT AND OPEN FLAME.

STORE IN A COOL DRY PLACE AT 2-8°C.

NIOSH/MSHA-APPROVED RESPIRATOR,

COMPATIBLE CHEMICAL-RESISTANT GLOVES.

CHEMICAL SATFETY GOGGLES.

DO NOT BREATHE VAPOR.

AVOID CONTACT WITH DMSO SOLUTIONS CONTAINING TOXIC MATERIALS OR MATERIALS
WITH UNKNOWN TOXICOLOGICAL PROGPERTIES. DIMETHYL SULFOXIDE IS READILY
ABSORBED THROUGH SKIN AND MAY CARRY SUCH MATERIALS INTO THE BODY
AVOID PROLONGED OR REPEATED EXPOSURE.

SECTIONSY. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR:
CLEAR. COLORLESS LIQUID.
HYGROSCOPIC.
GARLIC-LIKE ODOR.

American Type Culture Collection cmergency Telephonsg: {7031 365-2710 {24 hours;
P.0. Box 1548 information Telgphone: (703) 363-2704
Manassas, VA 20108 2 Chemtrec {8G0H 424-930C



ATCC  MATERIAL SAFETY DATA SHEET

BOILING POINT: 189°C

MELTING POINT: 18.4°C
FLASHPOINT: 188 60°F/R7°C
EXPLOSION LIMITS IN AIR:

UPPER 283 %

LOWER 26 %

VAPOR PRESSURE: 0 42 MMHG % 20°C
SOLUBILITY '

WATER -Z2{075
ALCOHOLS, ETHYL

SPECIFIC GRAVITY. LG

VAPOR DENSITY: ERCHE

FREEZING POINT: 18.5°C

SECTION 10. STABILITY AND REACTIVITY

STABILITY:
STABLE.

INCOMPATIBILITIES:
PROTECT FROM MOISTURE.
ACID CHLORIDES.
PHOSPHORUS HALIDES.
STRONG ACIDS.

STRONG OXIDIZING AGENTS.
STRONG REDUCING AGENTS.

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS:
CARBON MONOXIDE.

CARBON DIOXIDE.

SULFUR OXIDES.

FORMALDEHYDE.

MERCAPTANS.

HAZARDOUS POLYMERIZATION:
WIILL NOT OCCUR.

SECTION 11. TOXICOLOGICAL INFORMATION

ACUTE EFFECTS:

TO THE BEST OF OUR KNOWLEDGE. THE CHEMICAL, PHYSICAL. AND TOXICOLOGICAL
PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

CAUSES SKIN [RRITATION.

READILY ABSORBED THROUGH SKIN

VIAY BE HARMFUL IF ABSORBED THROUGH THE SKIN.

CAUSES EYE IRRITATION.

MVIATERIAL (S IRRITATING TO MUCOUS MEMBRANES AND UPPER RESPIRATORY TRACT

American Type Culture Collection Smergency felephone. (703) 385-2710 (24 hours)
D0 Bex 1549 information Telephone: (703) 365-2704
Marassas, YA 201C8 3 Chermtrec (800} 424-8300



ATCC

MATERIAL SAFETY DATA SHEET

MAY BE HARMFPUL IF INHALED.

MAY BE HARMFUL IF SWALLOWED,

LD.

LC.

AVOID CONTACT WiTH DMSO SOLUTIONS CONTAINING TOXIC MATERIALS OR MATERIALS
WITH UNKNOWN TOXICOLOGICAL PROPERTIES. DIMETHYL SULFOXIDE IS READILY
ABSORBED THROUGH SKIN AND MAY CARRY SUCH MATERIALS INTO THE BODY .

CHRONIC EFFECTS.
TARGET ORGAN(S):
EYES.

SKIN

RTECS #: PVG2I0000:
METHYL SULFOXIDE.

IRRITATION DATA:

SKN-RBT 10 MG/24H OPEN MLD
SKN-RBT 500 MG/24H MLD
EYE-RBT 160 MG

EYE-RBT 300 MG/24H MLD

TOXICITY DATA:

ORL-RAT LD30:14500 MG/KG
SKN-RAT LD50:40 GM/KG
IPR-RAT LD30;8200 MG/KG
SCU-RAT LD30: 12 GM/KG
[VN-RAT LD30:3360 MG/KG
UNR-RAT LD30- 1300 MG/KG
ORL-MUS LD3G:7920 MG/KG
SKN-MUS LD30:30 GM/KG
[PR-MLS LD30:2300 MG/KG
SCU-MUS LD30: 14 GM/KG
[VN-MUS LD30:3 100 MG/KG
UNR-MUS LD30:12 GM/KG
ORL-DOG LD50:>10 GM/KG
IVN-DOG LD30:2500 MG/KG
ORL-CKN LD30:12 GM/KG
ORL-MAM LD30:2 1400 MG/KG
ORL-BWD LD30:100 MG/KG

TARGET ORGAN DATA:
BEHAVIORAL {ALTERED SLEEP TIME).

AHAAP 25.95.1962
$§3JCAE - 10441984
TXAPAQ 391291977
R3JCAE - 10441986

TXAPA9 15.74,1969
ANYAAY 141.96,1967
FCTODT 22.665.1984
ARZNAD 14.1050.1964
TXAPAY 7.104.1963
NTIS** AD-A159-418
CHTPBA 3.10.1968
ANYAAY 141.96,1967
RPTOAN 33.300.1972
ANYAAD 141.96.1967
TXAPAY [5.74.1969
USXXAM #4767763
ANYAAO 141.96,1967
CNCRAG 31.7.1963
JPPMAB 15.688$.1063
GISAAA 39(4).86.1974
TXAPAY 213151972

LUNGS. THORAX OR RESPIRATION (DYSPNAE).
LUNGS. THORAX OR RESPIRATION (CYANOSIS).
GASTROINTESTINAL (NAUSEA OR VOMITING).
LIVER (JAUNDICE. OTHER OR UNCLASSIFIED).

BLOOD (OTHER CHANGES)

Emergenrcy Telephong {703} 3585-2710 {24 hcurs;
Information Talephona: (7031 363-2704
Chemtrec {800) 424-530C

American Type Culture Collection
2.0 SBox 1548
Manassas, VA 20108 4



ATCC © MATERIAL SAFETY DATA SHEET

EFFECTS ON FERTILITY (PRE-IMPLANTATION MORTALITY).

EFFECTS ON EMBRYO OR FETUS (FETOTOXICITY ).

SPECIFIC DEVELOPMENTAL ABNORMALITIES (MUSCULOSKELETAL SYSTEM).

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES (RTECS DATA LS
PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR COMPLETE INFORMATION.

SECTION 12, ECOLOGICAL INFORMATION

DATA NOTYET AVAILABLE.

SECTION 13 DISPOSAL CONSIDERATIONS

CONTACT A LICENSED PROFESSIONAL WASTE DISPOSAL SERVICE TO DISPOSE OF TH!IS
MATERIAL.

THIS COMBUSTIBLE MATERIAL MAY BE BURNED IN A CHEMICAL INCINERATOR EQUIPPED
WITH AN AFTERBURNER AND SCRUBBER.

OBSERVE ALL FEDERAL. STATE AND LOCAL ENVIRONMENTAL REGULATIONS.

SECTION 14. TRANSPORT INFORMATION

THIS PRODUCT CONTAINS NO HAZARDOUS SUBSTANCES AS DEFINED BY THE DEPARTMENT
OF TRANSPORTATION REGULATIONS, CODIFIED IN TITLE 49 CFR SECTION 171 8 AT
REPORTABLE QUANTITIES ACCORDING TO TABLE | OF APPENDIX A OF 40 CFR §172.101.

SECTION 15. REGULATORY INFORMATION

EUROPEAN INFORMATION:

[RRITANT.

R 36/37/38

IRRITATING TO EYES. RESPIRATORY SYSTEM AND SKIN.
S 25

DO NOT BREATHE VAPOR.

S 26

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND
SEEK MEDICAL ADVICE.

S 36

WEAR SUITABLE PROTECTIVE CLOTHING

REVIEWS, STANDARDS. AND REGULATIONS:

CEL=MAK.

OEL-GERMANY: NO MAK ESTABLISHED. JANI999,

OEL-RUSSIA; STEL 20 MG/M3. JANI993.

OEL-SWEDEN: TWA 30 PPM (130 MG/M3), KTV 130 PPM (360 MG/M3). SKIN. JANTO9G,
OFEL-SWITZERLAND: MAK-W 30 PPM (160 MG/M3), SKIN, JAN1999.

NOHS 1974: HZD 80364: NIS 11 TNF 476: NOS 25 TNE 22461

NOES 1983 HZD 80564: NIS 20, TNF 3507: NOS 40: TNE 34947: TFE 16857

EPA GENETOX PROGRAM 16088, POSITIVE: ASPERGILLUS-ANEUPLOIDY: S CEREVISIAL GENE
CONVERSION.

American Type Culture Collection Emergency Teleprione: {7931 385-271C (24 haurs)
2.0, Box 1549 Informanon Telephone: {703) 385-2704
Varassas, VA 2071038 5 Chemtrac {3007 424-2300



I\EC€ MATERIAL SAFETY DATA SHEET

EPA GENETOX PROGRAM (988, NEGATIVE: SHE-CLONAL ASSAY: CELL TRANSFORM.-MOUSE
EMBRYO,

EPA GENETOX PROGRAM 1983 NEGATIVE: CELL TRANSFORM.-RLV F344 RAT EMBRYO.

EPA GENETOX PROGRAM 1088 NEGATIVE: D MELANOGASTER-WHOLE SEX CHROM LOSS:
HOST-MEDIATED ASSAY.

EPA GENETOX PROGRAM 1988, NEGATIVE: N CRASSA-ANEUPLOIDY: E COLI POLA WITH 89,
EPA GENETOX PROGRAM 1988, NEGATIVE: HISTIDINE REVERSION-AMES TEST. IN VITRO §CE-
NONHUMAN.

EPA GENETOX PROGRAM 1988, NEGATIVE: D MELANOGASTER SEX-LINKED LETHAL.

EPA GENETOX PROGRAM 1988, INCONCLUSIVE: ASPERGILLUS-RECOMBINATION:
CARCINOGENICITY-MOUSE/RAT.

EPA GENETOX PROGRAM 1983, INCONCLUSIVE: D MELANOGASTER-RECIPROCAL
TRANSLOCATION.

EPA GENETOX PROGRAM 1988, INCONCLUSIVE: RODENT DOMINANT LETHAL: B SUBTILIS REC
ASSAY.

EPA GENETOX PROGRAM 1988, INCONCLUSIVE: E COLI POLA WITHOUT $9 EPA TSCA SECTION
3(BY CHEMICAL INVENTORY.

EPA TSCA SECTION 3(D) UNPUBLISHED HEALTH/SAFETY STUDIES EPA TSCA TEST SUBMISSION
{TSCATS) DATA BASE. JANUARY 2001.

SECTION 16, OTHER INFORMATION

THE ABOVE INFORMATION IS CORRECT TO THE BEST OF OUR KNOWLEDGE. ALL MATERIALS
AND MIXTURES MAY PRESENT UNKNOWN HAZARDS AND SHOULD BE USED WITH CAUTION.
THE USER SHOULD MAKE INDEPENDENT DECISIONS REGARDING THE COMPLETENESS OF THE
INFORMATION BASED ON ALL SOURCES AVAILABLE. ATCC SHALL NOT BE HELD LIABLE FOR
ANY DAMAGE RESULTING FROM HANDLING OR CONTACT WITH THE ABOVE PRODUCT.
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