30-JUL-2000 13:45 FROM-

LAWSON HEALTH RESEARCH 1 +519 432 7967 T-184  P.002/004  F-507

i

D T e e T L
riton Rermi RIDEREEINGS,

'F.‘,
i i X, -
sl ate g Eeed Sed 9 Sl Ea e,
]
¥

(Ll
PR P CLCV ARy T
%,,e IR
.,-‘.v}‘lu:?ﬁ,‘:r.:{_ & :ﬁ TR

YE
.;\!L.Llilﬁﬂﬁﬂt H «‘Jm%:!n}-'t.|\~+k€13n!i rnd

ot Wi

1&U’I§§i

Approved Personnel Additional Personncl
(Please stroke put any persannel te be removed) (Please list additional persongel here)
Alexander Sykelyk

Kristan Raipas

Mark Niglas

Rora Mazaheri

Julio Masabanda

Kathleen Calonegoe

Alayne Brisson

Peter Ferguson

* PLEASE ATTACH A MATERIAL SAFETY DATA SHEET OR EQUIVALENT FOR NEW BIOHAZARDS.
s PLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPLAINS THE BIOHAZARDS USED AND HOW THEY WILL BE

USED.

Taesday, July 28, 2009

RECEIVED @7-3@-'0S

Classification: 2

Date of last Biohazardous Agents Registry Form: Apr 1, 2008

P

Tuey 3c|oq

Signature of Permit Holder:

BioSafety Officer(s): /_C_L_,‘_Q_

Chair,Biohazards Subcommittee:

Page 1 of 2

14:02  FROM- +5194327567 TO- UW0-HR-Occ. Bealth PEa2/ 004



30-JUL-2008 13:48 FROM-LAWSON HEALTH RESEARCK 1

w*

m\wﬂ‘h ,ﬁ "15.1, f

mllglr&r ﬁmf}’,"wﬁm u;.umgﬁw

'.H

. ] I? a .t
umL_..]de i H&d’mi‘ N &dé&‘

Pleasc srroke out any approved
Biohazards to be removed below

+519 432 Ti67

: ? f"T
“ ‘ 1, pasE 3T 7 2
LoV E" .fﬂWfM e

T-184  P.003/004  F-507

"i ‘E‘ﬁ'
Fﬁ% ”T ur

T T CR AR
7

r&ﬂ& TS .&.l-ﬁm&‘l

pf’ﬁf

Write additional Biohazards for
approval below, ¥

Appl’ﬁ\'ed E. coli D101

Microorganisms

Human (primary), rodent (primary), Human

Approved Cells (established), Rodenl (established), Insect

REK293 (atla (huwmams tushrgome.

{established), Anaplastic astroyctoma 5F- /“(‘u&o’ M‘“Mal ft%/ﬂ-‘”"d )
266, Breast MCF-7, MDA-MB-435, MDA-MB. -
231, MOA-MB268. SK-BR.3, Cervical inth Ad § DOA )/ dotr mel. 7MPV; ‘fﬂ”"
blood {whole), blood {fraction) white bload s>
Approved Use of cells, tumayr lissus {unpreserved) PM
Human Source
Material
Approved GMO

Approved use of ©5-1 nu/ni mice

Animals

Approved Toxin(s)

¢ PLEASE ATTACH A MATERIAL SAFETY DATA SHEET OR EQUIVALENT FOR NEW BIOHAZARDS.
s pLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPFAINS THE BIOHAZARDS USED AND HOW THEY WILL BE

USED.
Classification:
Date of last Biochazardous Agents Begistry Form; Apr 1, 2008
Signature of Permit Holder: j aw f@w;ﬂat..
RioSafety Officer(s): Awﬁ Ty 30'} o9
Chair,Biohazards Subcommittee:
Tuesday, July 28, 2009 Page 2of 2
RECEIVED @7-3@-'0% 14:82 FROM- +5194327367 TO- UW3-HR-Oce. Health PRO3/ 204



30-JUL-2009 15:09 FROM-LAWSON HEALTH RESEARCH ! +519 432 7367 T-186  P.002/011  F-50¢

K,C)\FD (ld'ﬂ’\t <\

Information for Biohazard Approval and Animal Protocol Modification

The adenoviras that wall be used for these studies 1s made from a commercially available kit
called AdMax (www.microbix.com). The company product information sheet and the primary
reference research article are attached. Brefly, two vectors are cotransfected into HEK293 cells
that generate and package the new adenovirus. One vector codes for a modified version of the
type 5 adenovirus and the other codes for the foreign gene of interest. The virus produced is
non-replicative.

Infection of cells with the adenovirus will result in protein expression of RGS2 and the RGS2
minigene (a small fragment of full length RGS2). It is not expected that any discernable change
in cellular phenotype will occur from the infection, aside from a reduction in their proliferation
rates.

The proposed work is an extension of our in virro studies that characterized the anti-proliferative
properties of RGS2 and the RGS2 minigene in U87 glioblastoma cells. We have secured
funding from WORLDiscoveries (C4 POP) to examine their potential anti-tumour effects in an
in vivo animal tamor model.
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Microbix

Biosysterns Inc.

AdMax™ Adenovirus
Vector Creation Kits

Clone, cotransfect and GOI Small shuttle plasmids, single cloning step, catransfections without
restriction, 100% reliability. Tha simplest, rost efficient. most flexible system for construction
of adenovirus expression vactors.

HOW FAST? How fast can you clone your gane into a small pUC based shuttle plasmid
and prepare 100mg plasmid DNAT Add 7 to 10 days to that!

HOW EFFICIENT? Approximately 100 fold more plagues rescuad than with previous

™wo plasmid methads.
HOW RELIABLE? If your expression cassette is less than 7-B kb and your transgene

product is nontaxic, 100% of recombinant viruses should contain and express the ransgene,

Use your favourite promoter or use the high efficiency MCMV IE pramater provided with cur kits.
HOW SIMPLE? Only twa steps. No homolegous racambination in difficult to handle

bacterial systems; use your favourite bacterial strain. Na transfer of candidate plasmids fram one
bacterial strain ta anather. No need for expansive, exotic restriction enzymes or for
linearization of plasmig ONA prior to cotransfection of 293 cells. The systern does nat reauire
larmbda packaging or yaast tachnologies that are not standard procedures in the majority of lobs.

HOW FLEXIBLE? Casseties can be inserted in E1 or E3 or transganas can be cloned into
both regions. For example a transactivator can be inserted in £3 and a raguleted expression
cassette in E1. Vectors can be designed with an £3 deletion, a wild type E3 region or, if the
transgena in E1is small, a stuffer sequence can be inserted in E3 to prevent farmatian of RCA,
You have @ cheice of two site specific recombinases: Cre or FLP, with similar high rescue
efficiencies.

HOW EXPENSIVE? The initial cost of our kits is competitive with other systems,

but unlike othar kits ours allow far an infinite number of vector rescues. If you can grow

plasmid DNA there is no need 1o purchase our kits mere than once,

1 ADENOVIRUS TECHNOLOGY

RECEIVED @7-30-'09 15:29  FROM- +51943273267 TO- UWO-BE-Oce. Health PEB3/011



30-JUL-2009 15:08 FROM=LAWSON HEALTH RESEARCH 1 +518 432 7367 T-186  P.004/0:1  F-508

Figure 1 outlines the principles of the AdMax™ system with Cre-lox as an example.
Recombination in catransfacted cells introduces the gone of interest into infectious Ad DNA
while simultaneously excising the recombinase gane'* Neither the small shuttle plasmid nor

the genomic plasmid nead be digested with restriction enzymes priar to cotransfection.

AdMax™ for generation of Adenovirus vectors

100/0
Cre or FLP
Z=n
Pori
o= loxP or frt

A4E3 foraign DNA

Pael

.
;} o} A" churie 1\
| plasmid [ 1oxP or tn

COTRANSFECT
293 CELLS
\ /Slta spacific recombination
loxP or fr1
IR foreign DNA ‘@ 10 days ITR
= I =
— 3
AE1 AE3

RECOMBINANT VIRAL VECTOR

Any E1 complementing cell line such as 293 cells, 911 cells or PERCS cells can be used
for cotransfections. Although reseue of viral vectors is highly efficient lover 100 fold greater
than with the original two plasmid method of Bett et al.¥), and 100% of viruses generated by
cotransfection should carry the transgene, it is good laboratory practice 1o build up working
stocks of virus from plague isolates before extensive experimentation. Microbix provides
low passage 293 cells that sre especially cultured to maintain the strong acherence and
plaque forming properties of the original 293 cells. For rapid production of vectars to be used
in preliminary experiments, it may be possible to produce recombinant viruges by incubating

cell cultures under liquid medium follawing cotrenafections.

2 ADENOVIRUS TECHNOLOGY e P
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For consultation on AdMax™ or to obtasin
& quotation pleasa contact:

CUSTOMER SERVICE

MICROBIX BIOSYSTEMS INC.
416.234.1624

1.800.,794.66%94

Fax: 416.2341626

customnetservice@microbix.com

www. microbix.com

Phere:

3 ADENOVIRUS TECHNOLOCY
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Because the only restriction enzymes required with the AdMax™ system are common
enzymes used for cloning into the small shuttle plasmids the AdMax™ system is simpler and
more economical than methods requiring rare cutters ™. Moreover those rescue protacols
typically use enzymes such as Pac | or Swal to linesrize plasmid DNA prior to transfection.
If the transgeno contains these sites then these methods are not practical. Pacl sites,
for example, are found surprisingly often in aukaryatic DNA,

The £3 deleted genomic plasmids contaia a unique Pacl cloning site in E3. It is possible
10 insert @ reporer gene or a gens for a transactivator in the E3 region to create a modified
genomic plasmid that can then be cambined with cassenas inserted in the EY shuttie
plasmid, Thus, for example, a sacies of vectors expressing genes under regulation by tet or

by RU4BS can be readily constructed using the AdMax™ systern.
AdMax™ Adenovirus Creation Kits Available

CATALOGUE #
PD-01-64

PRODUCT

Kit D (contains pDC311, pDC312, pDC315, pDC36,
pBHGloxAE1,3Cre, and pFG140)

Kit E (contains pDCa11, pOC512, pOC515 and pDCS14,
PBHGIHAETZFLE and pF(140)

Kit F {(contains pDC411, pDC412, pDCA1S, pDCA14, pBHGID,

PD-01-65

PD-01-67

pEHGE3 and pFG140)
R MAXT A,

b 'E’- .!‘L.-'.l
PD-01-29
PC-01-30
RFD-01-31
PD-01-32

pDCA15
pDC4a16

Reforonces
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calls for canstruction of adencvirus vectors. BioTachniques 29; 524-528, 2000,
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A High-Efficiency Cre/loxP-Based System for Construction
of Adenoviral Vectors

P. NG.' R.]. PARKS? D.T. CUMMINGS,' CM. EVELEGH,' U. SANKAR,' and FL. GRAHAM

ABSTRACT

Adenovirus (Ad) vectors provide a highly cfflicient means of mammalian gene transfer and are widely used
for high-lcvel protein expression in mammalian cells, as recombinant vaccines and for genc therapy. A com-
monly uscd method for constructing Ad vectors relies on in vive homologous cecombination belween two Ad
DNA-cantaining bacterial plasmids cotransfected into 293 cells. While the utility of this two-plasmid approach
is well established, its efficiency is low owing to the inefficiency of homologous recombination. To address this,
we have developed an improved method [or Ad vector construction based on Cre-mediated site-specific re-
combinatlion between two bacterial plasmids, each bearing a loxP site. Ad vectors arc generated as a result
o[ Cre-mediated site-specific recombination between the two plasmids after their cotransfection into 293 cells
expressing Cece recombinase. The frequency of Ad veetor rescue by Cre-mediated site-specilic recombination
is significantly higher (~30-fold) than by in vive homologous recombination, The elficiency and reliability of
this method should greatly simplily and expedite the construction of recombinant Ad vectors for mammalian
rene transfer.

be manipulated with reladve ease by conventional molecular
biology techniques, and they can be readily propageted and pu-
rfied o yield high-titer preparations of stable virus, Conse-
quently, Ads have been extensively used us veclors for recom-
binant vaeeines, for high-level protein production in cultured
cells, and for gene thecapy (Berkner, 1988; Grabam and Pre-
vec, 1992; Hitt er al,, 1997, 1999).

First-generution Ad vectors typically have foreign DNA in-

OVERVIEW SUMMARY

Ad vectors are commonly constructed by homologous re-
combinstion between two plasmids cotransfeeted into 293
cells. This method has numerous advantnges but results in
low numbers of plaques owing to inefficicat recombination.
We hove developed an improved method based on Cre-me-
diated site-specific recombinstion, which resultz in veetor

RECEIVED B7-30-"09 15:29

rescue st frequencies ~30-fold higher thun by homologous
vecombination. This method should greatly simplify and ex-
pedite the construction of recombinant Ad vectors for mam-
malion pene transfer.

INTRODUCTION

peNovikuses (Ads) possess several features thet make
Alhcm atraceive as mammalian gene wunsfer vectors. They
can efficiently inlect a wide varicty of quiescent and pralifer-
wung ccll types from various species o direct high level viral
gene expression, their 36-kb double-stranded DNA genome can

scrted in place of carly region 1 (E1) andfor E3. El-depleted
vectors we replicalion deficient and ure propagated in El-com-
plemenang cells such as the 293 cell line (Graham et al., 1977).
A number of strategies for Ad vector constructdon have been
developed (Gerard and Meidell, 1995; Graham and Prevec.
1985; Hiu er al, 1995, 1998; Spector and Semaniego, 1993).
Typically, foreign DNA is inserted into a small shuttle plasmid
conteining Ad sequences from the left end of the genome with
the E] region deleted. The foreign DNA can be rescued into
virus by direct /n vitro ligution of the shutide plasmid with vi-
ra) DNA digested with appropriate restricion cnzymes or by in
vivg hornologous cscombination after cotransfection of 293
cells with the shurle plasmid and resgicted vird DNA. How-

'Department of Biology. McMaster University, Hamilten, Ontario, Canadu, LBS 4K1.
10uawa Gracrat Hospital Research Instilule. Otowa, Gnurio, Canuda, KIH 8L6.
IDepartment of Pathelogy, MeMaster University, Homilon, Ontacie, Canuda, LES 4K1.
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ever, the usefulness of these methods is hampered by the large
size of the Ad genome, which limits the number of useful re.
striction sites available for the in virrg ligution method, and by
the inefficiency of homologous recombination. Another disad-
vantage is the requirement for infectious viral DNA as a sub-
strate. which can result in parental virus contamination due o
incomplete digestion or self religation.

A popular method for Ad vector constuction relies on in
vivo homologous recombination between the overlupping Ad
sequences of the shuttle plasmid and an Ad gencinic plasmid
after their cotransfection into 293 cells. The Ad genomic plas-
mid is modified to be noninfectious, thereby virtually elimi-
nsting any possibilicy of generating viruses other than the de-
sired cecambinant (Bett ef af, 1994). The utility of this method
18 well proved. but veotor tescuce is sometimes difficult, perhaps
owing to Inefficient homolopous recombinution in coans-
fecred 293 cells. In an artempt 1o overcome this hmitation meth-
ods have been doveloped that muke use of homologons re-
combinstion berween two plasmids o Escherichia coli
{Charmier er af., 1996; Crouzet ef ai., 1997; He er al., 1998) and
yeast {Ketner er al., 1994). However, these approaches are more
complex, time consuming. and technically demanding, the (or-
merrequiring transformation of an unconvendonal £, coli strain
followed by transfer of candidate plusmids to & second £, coli
strain for Jarge-scale plasmid DNA prepurution. The later
method requires yeast cell culice and manipuledon, which is
nol routinc in Tnost laboratories. A more recently described
methad involves transfection of 293 cells after in virra ligation
of foreign DN A into an Ad genomic plusmid (Mizuguehi and
Koy, 1998). However, the recombinant plasmid must be di-
gested with ot Jeast two rastricion en2ymes prior to transfee-
tion into 283 cells, thus rendecing this method vnsuiwble lor
foreign DNAs Lhul contain recognition sequences for these en.
zymes,

Considering the importance of the Ad vecter us a tool for
mammalian gene transfer, especislly in the cmerging field of
homan gene therapy, development of improved sysiems for
theit efficient and reliable construclion is clearly important,
This study desceibes a simple and efficient method of con-
structing Ad vectors based on Cre-mediated site-specific re-
combination between two bacterial plasmids after their co-
ransfection info 293 cells expressing Cre. The flexibility,
cificiency. snd reltability of this method promise 1o greatly sim-
plify and expedite constuction of Ad vectors for mummalian
gene wansfer.

MATERIALS AND METHODS

Construciion of plasmids

Plasmids were construcied by stundard protocols, prepared
by the alkaline Jysis method (Bioboim and Doly, 1978}, and
puctfied by CsCl density-gradient centrifogation (Sambrook er
at, 1989). The plasmid pCA36lox was constructed by inscri-
ing a synthatc foxP sile (' GATCCAATAACTTCGTATAG-
CATACATTATACGAAGTTATAAGTACTGAATTCG 37
and 5 GATCCOAATTCAGTACTTATAACTTCGTATAAT
GTATGCTATACGAAGTTATTO 3°) into the Bpdl site of
pCA36 (Addiscn er al, 1997), The plastnid pCA3Gloxs was

FROM- +5194327367
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constructed by dipestion of pCA3Glox with Nrul und partiul di-
geston with Seal. followed by self-ligation to delete al) Ad se-
quences dowanstreamn of the loxP rite. Thc plasmid pBH-
GloxAE1,3 was constructed by replacing the 4604-bp Bsil 1071
fropment of pBHGI10 (Ben er al, 1994) with the 2326-bp
EcaRV/Bel 1071 fragment trom pAElsplAlox. The plesmid
pAElsplAlox wus constructed by inserting the synthetic (oxFP
site (see above) into the BplIl site of pAELsplA (Ben el al,
1994).

Cells and viruses

Propagation of 293 (Graham et al,, 1977) ang 293Cred (Chen
et al., 1996) cells was performed as deseribed (Hitt eral,, 1998).
Cotrensfection of 293 and 293Cre4 with the appropriate plas-
mids wus used to generate Ad vectors that formed plagques on
the cell moneluyer (Ritt et af,, 1998) and the infectious Ad ge-
nemic plasmid pFG140 (Graham, 1984) was included to assess
the wansfection efficiency, Plagques were jsolated and expanded,
and viral DNA was extructed ond usnalyzed by restriction en-
zyme digestion as deseribed (Flit er of, 1998). A-Galactosidase
expression from wvirus-infected or mock-infected cells was
determined by S-bromo-4-chlor 0-3-indoly)- A-c-galaciopyrina-
side {X-Gal) sraintng as follows: X-Gal wuy added, to a final
concentration of 0.4 mg/ml, to dse culture supernutant of mock-
infeeted or virus-infected celis afier complete cytoputhic effect
was observed, and the cells were incubated at 37°C for 1 hr.

RESULTS AND DISCUSSION

We have previously developed a method {or constructing Ad
vectors based on in vive homeologous recombinalion between
two Dacterial plasmids cotransfected into 293 cells (Bett ¢f ol.,
1994). In rhis methed, the forcign DNA is inserred into a smal)
shutde plasmid thut conrains a portion of the Jelt end of the Ad
genome including the inverled terminal repear (ITR), the pack-
aging signal, and « raultple cloning region for inserton of for-
eign DNA in place of E1. The second plasmid used in this sys-
emn contains essentially the entire Ad genome bul ¥ modified
to be noninfectious. The forcign DNA is rescued into recom -
binanf vituses by in vive homologous recombination between
the overlupping Ad scquences of the we plasmids after their
corransfection iate 293 cells (Fig. 1A),

While this method is widely used and well proved, the ef-
ficiency of vector rescue is Jow. One possible explunation is
that homologous recombination is a rate-limiting step in the
generation of infectious virus. Consistent with this hypothe-
sis is the observation that the number of plaques generated
by transfectioa of 293 cells with infections Ad genomic plas.
mids, such as pF(3140 (Graham, 1984). is ~100-fold higher
thun that generated by a typical couansfec tion for vector res-
cue (F.L. Graham. unpublished observations). It might thece-
forc be possible to increase the efficiency of vector rescue by
using a more efficienl recom bination system such as thal me-
diuted by Cre, a recombianse. encoded by bacteriophage P1,
that efficiently und specifically catalyzes recombinulion be-
tween J4-bp targec loxP sites (Hoess er al, 1982). To test this
hypothesis. we have developed a Cre-mediated site-specific
recotabination system for the construction of Ad vectors and
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Cre-MEDIATED Ad YECTOR CONSTRUCTION 2669
TR
A. Shurde plasmid mg"’\ Foreign DNA
eg. pCA36 \ ep. LacZ
Agnp?
<b
Ad ga:;miﬁcﬂ{)]umid " ?:cﬂﬂg&?al‘llison
cg. pBHG1O
E_'R'rp Forcign DNA II.P:
[ _ [ ]
aB1
ADENOVIRUS VECTOR
ITR . Mg
B. cassiox sy 1.2 C. rcasslons sy 1icz
e \
loxP loxP

Amp®
oci
"%~ homologous

pBHGlOXAE 3

2 Cre-mediated
E—l recorubinetion

recombination

== Cre-mediatcd
recombinalion

pBHG10xAE],3

. I'4
Ty Laz ITR
[ aaeeeeeesssesspe - " ]
aEl loxP

ADENOVIRUS VECTOR

F1G. 1. Consiuction of Ad vectors by (A) in vive homologous recombination afier cotransfection of 293 cells with a shurtle
plasinid {e.g., pCA36) und an Ad genomic plasmid (¢.g., pBHG10), (B) in vivo homulopous recombination or Cre-mediared sire-
specific recombination after corransfeetion of 293Cred cells with pCA36lox und pBHGIoxAEL 3, and (C) Cre-mediated sitc-spe-
cific recombination afier cowransfection of 293Cre4 cells with pCA26loxA and pBHGloxAE1 3. Ad sequences are shown in black
and the positon and orientation of the lpxP site is tepresented by a white giangle. Only the relovant portions of the shurtle plas:

mids are shown.

have evzluared this method by rescuing a recombinunt vee-
tor cxpressing f-galactosidase.

The plasmids used were derived from pCA36 (Addison ef
al, 1997) and pBHG10 (Ben er al., 1994) (Fig. 2). The sburde
plosmid pCA36 contains the left end of the Ad penome in-
cluding the ITR. o pockaging signul. und u lacZ expression cag~
scute substituting tor the E1 region. The plasmid pBHG 10 con-
wwins essonliully the entire Ad genome but with an EJ deletion
and deletion of ELA sequences including the puckaging signal.
Neither plasmid ulone is capuble of producing infectious viras

FROM-  +5194327267

in wansfecaons of 283 eclls; however, when couansfected, ho-
mologous recombination between thelr overiapping regions of
Ad homology resvlts in a recombinant vector bearing the {ee2
expression cassotic {Fig, 1A). To modify this system to udlize
Cre-medisted tecombination, a loxF site was introduced inlo
pCA36, immediately downstream of the lacZ expression cas-
sctie, (0 generace pCA36lox (Fig. 2) and into pBHG10, imme-
diutely upstream of the pIX gene, to genecale pPBHGloxAE13
(Fig. 2). Cre-medinled recombination between the foxF siles in
pCA36lox and pBHGIloxAEL3 was accomplished by cotrans-
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[TRs
— A
AFIA
A3 . Rstl10T]
~ B0l
pBHGIO PBHGloxAEL 3
34783 bp 32505 bp
TR
ITR 'q;
Seal ‘—_z'w__,_MCLW promotor Soal J::R.‘ W MMV gromotor Seol - _?,MCM'V promesar
. CA36loxa
PCA36 Lack pCAl6Iox LocZ F .
10193 bp 10247 bp
~LacZ
Nl Nt
N (XS 5v40 poiya ;
3V palyA NS poly e
8gfll Seal 8V40 palyA

FIG. 2. Plasmids used to rescue Tecombinant Ad vectors expressing A-galactosidase. The plasmid pBHG10 contains cssentially

the entire Ad scrotype 5 genome except for deletions encompussing E1A and the packaging signul, und the £3 regions {Belt er
al., 1994}, The plasmid pBHGloxAE1,3 wak derived from pBHGI0 by inserion ol u loxP sitc as described in Malenals and
Muethods. The plasmid pCA36 contains a portion of the Jeft end of the Ad genome into which the lacZ exprescion casette has
been inserted in place of the E1 repion {(Addison er al, 1997). A loxP site was ihserted into pCA36 to generstc pCAIGlox and
Ad sequences downsucam of the loxP sile in pCA36lox were deleted 10 generate pCA3SloxA es described in Marterials and Meth-
ods. Thick lines represent Ad scquences, Thin lines represent bactedul plasmid sequences, and the positon and oricntation of the
lox” site are represented by a white triangle. Plusmids are not drawn to scale.

fection into 293 cells expressing Cre {293Cred) (Chen et al.,
1996). The vector DNA structure generated by Cre-mediated
recombination s expected to be Identical to thut generated by
homologous tecombination (Fig, VA) except for a 54-bp inser-
don containing a lexP sie (Fig. 1B).

To compare the efficiency of vector rescue by homologous
recombination versus Cre-mediated recombination. 293 und
203Cred cells were cotrunslected with verious combinations of
shuttle plasmids and Ad genornic plasmids, in various umounts,
and the mambers of plagues penersted wers counted. The re-
sults of a typica) experiment are presented in Table 1. The num-
ber of pluques generated by cotransfection of 253 cells with
pCA36 and pBHG10 provides a measure of the efficiency of
vector rescue by homologous recombinution. A simitar effl.
ciency was obtained by cotransfection of 283Cre4 cells with
this plasmid combination, ndicating that homologous recom-
binstion activity responsible for vecror rescue wis com puruble
for both cell lines. A similar efficiency was also obtained when
only one of the two plasmids used 1o cotransfect 293 or 293Cre4
cells conlained & loxf site (pCA36 + pBHGIoxAEL3 or
pCA36lox + pBHG10) or when 293 cells were couwansfected

FROM-  +519422736%

with pCA36lox end pBHGIoxAE] 3. This wias cxpected since
vectors could be rescued only by homologous rccombinarion
because the requirements for Cre-mediated recom bination were
not met in these covunsfections. No plagues wese obtdined by
cotranstection of 293Cred cells with pCA36 snd pBHG-
loxAE13 in the experiment presented in Table 1, whereas in
other idendcal corransfections a few plaques were obluined
{Table 2), These results illustrate that whife vector 1escuc can
be achieved by homologous recombination. its low cfficioney
can occasionally resull in feilure,

In contrast to the Jow aumber of plsques generated by the
cotrunsfections described above, when 293Cre4 cells were co-
wansfected with pCA36lox and pBHGloxAE1 3 the number of
plaques genetated was ~30-fold higher, sugpesting that vector
rescue by Cre-mediated recombination was significuntly more
efficicnt than by homologous cecombination (Table 13, Twenry-
£i1X pluques from this corransfection were analyzed und all were
positive for G-galuctosiduse cxpression and had the expected
DNA structure from Cre-medisted recornbination {(data not
shown).

To confirtn that the enbunced cfficiency of vecror rescua by
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Tauite 1, EFFicibrcy or Ad VECTOR Rescur By COTRANSFECTION

Plagues/dish (average/dish)

Plasmid DNAMIshY 293 cells 293Cred cells
pCA36:pBHG10 5:5 0.0.0, 0 (0) 0,1, 2,0 (0.75)
5:10 0,0 0,1(0.2% 1. 0. 0, 0 (0.25)
10:10 2,01, ) 1, 2,0,0(0.25
pCAlSpBHGIOXAEL3 5.5 0,0, 0,1 (0.25) 60,0 0
5:10 0,0 0, 11029 0.0.0, 0@
10:10 0.0, 2,1 (0.75) 0,000
pCA3blox:pB HG10 5:5 1.3, 1, 0).25) 0,1, 0, 105
5:10 0,10, 01023 0.0 1,2 (079
10:10 0,0,0. 0 0,1,1,0(0.5
pCA36lox:pBHGIoxAEL3 5:5 1,0.0,1¢0.5) 5,14, 20, 20 (17.25)
5:10 0,00 0@ 11, 15,12, 16 (13.5)
10:10 0, 0,1, 1, (0.5) 18, 9,10, 8 (11.25)
pFGl4a0 0.5 99, 100 (99.5) 49, 50 (49.9)

*Micrograms of shutde plasmid:Ad genomic plasmid corransfected per 60 mm dish of the indicated cell line.

comansfection of 293Cre4 cells with pCA36lox und pBHG-
loxAEL3 was mediated by Cre, a dcrivative of pCA3é6lox,
called pCA36loxA, was constructed from which Ad sequences
to the right of the lox® site were deleted, thus virtually pre-
cluding veetor rescue by homologous recombinatioa. 293 und
293Cre4 cells were cotransfected with pBHGIoxAE1,3 and ei-
ther pCAIG6, pCA3Slox, or pCAIBloxA and vector rescue effis
ciencier were compured (Table 2). Consistent with the preced-
ing resulls, cotransfections of 293 eells with pBHGIoxAEL 3
and pCA36 or pCA36lox and cotransfection of 293Cred cells
with pBHG10 and pCA36lox resulted in low numbers of
plaques, while cotransfection of 293Cre4 cells with pCA36lox
and pBHGloxAE1,2 resulted in a ~20-fold higher number of
plaques. For pCA36loxA, comansfection of 293 cells with
pBHGIoxAELS gave no plaques, as expected since virtually ubl
overlupping sequence homology required for veetor rescue had
been removed from pCA36loxd. However, cotrunsfectdon of
293Cred cells with this plastnid combination resulted in a large
numbet of pluques, comparable to that obfained by cormransfec-
tian of 293Cre4 calls with pCA36lox and pBHGloxAE1,3, in-
dicating thar increased vector rescue etficiency wus medialed
by Cre. Nine plaques penerated by cotransfaction of 293Cre4
cells with pCA36loxA and pBHGLoxAEL 3 were analyzed, and

ell were positive lor S-galaciosidase expression and bad a vi-
ral DNA structure expected from Cre-mediated recambination
(data nor shown). In subsequent cxperimenrs 39 additionul
plaques obtained from Cre-mediated recombination have been
anulyzed and all were shown to cxpress f-galuctosidase (data
not shown).

A method hus been described that uses Cre-mediated re-
combination for ihe construction of Ad vectors: jt involves
teansfection of 293 cells expressing Cre recombinuse (CRE8)
with a shuttle plasmid bearing o lex® site and infection with o
danor virus or wransfection with purified donor viral DNA con.
taining u puckaging signal flanked by loxP sites (Hardy er al,
1997}, Cre-mediuted excision of the donor virus packaging sig-
na) followed by site-specific recombination with the shule
plasmid produces the recombinant vector, However. since Cre
is not 100% cfficient, the vector preparutons are contarninated
with the gonot virus, whish must be reduced by passage in
CREE cells (Hardy er af, 1997). Thiz i5 in contrast o ouor
merhod, which utilizes only nonisfectious components so that
ull infectious viruses gencrated are the desired recombinant.

We have now constructed & vatiety of shuttle plasmids con-
(aining a laxP site (0 permit cloning of virually any expression
cassette Tor rescue into Ad vectors and several Ad genomic plas-

TasbLe 2. Erficiency 0F Ad VecTor REscue 8y CoTRaNSPECTION

Plaguesidish (average/dish)

Plasmid 293 cetls 293Cred cells
pCA3G6® 1,1,2,6,2, 3(25) 1,2, 1,230
nCA36lox® 1,2,2,2,2, 1 (1.7 4, 44, 41, 41, 44, 31 (40.3)
pCA3GloxA" 0,0000 0O 41, 36, 55, 34, 24, 40 (38.9)
pFG140® 72,727 150, 115 (132.5)

*All cotransfections performed with § pg of the indicated shurtle plasmid and
3 pg of pBHGIOXAELS per 60 mm dish of the indicuted cell tine.
®One microgram was transfected per dish of the indicated cell Line.
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mids containing a lexP site with either a wild-cype, or varously
delered. E3 region. This system offers severa) sdvantages over
other methods: (1) foreign DNA is clened into a small, casily
manpulated shurtde plasinid of ~3.4—4.4 kb; (2) the methad re-
quires, as substrate for vector construction, only plasmid DNA
thut cen be propagated in uny E. coli strain routinely used for
recombinunt DNA manipulaton; (3) the plasmids do not re-
quife restriction endonuclease digestion prior to cotransfection;
(4) cotranstecton of 293Cred cells resulis in u large number of
plsgques, 50 rhat successful rescue of the desired vector is prac-
Geally guaranteed (unless the cxpression cassells encodes s
toxic product); and (5) ol plagues generated contain the for-
eign DNA and have the expected DNA structure. The simplic-
ity, reliability, and efficiency of our system showld preatly cx-
pedite the construction of Ad vectors for mommalian gene
transfer,
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THE UNIVERSITY OF WESTERN ONTARIO %10 LECC S
BIOHAZARDOUS AGENTS REGISTRY FORM
Revised Biohazards Subcommittee: January, 2007

This form must be completed by each Principal Investigator holding a grant administered by the
University of Western Ontario where the use of biohazardous infectious agents are described in
the experimental work propesed. The form must also be completed if animal work is proposed
involving the use of biohazardous agents or animal carrying zoonotic agents infectious to humans.
Containment Levels will be required in accordance with Laboratory Biosafety Guidelines, 3rd
edition, 2004, Health Canada (HC) or Containment Standards for Veterinary Facilities, 1™ edition

1996, Canadian Food Inspaction Agency (CFIA).

Completed forms are to be returned to Occupational Health and Safety (Stevenson-Lawson
Building, Room 60) for forward to the Biohazard Subcommittee. For questions regarding this form,
please contact the Biosafety Coordinator at extension 81135. If there are changes to the
information on this form (excluding grant title and funding agencies) modifications must be
completed and sent to Occupational Health and Safety. See website:

www. uwo.ca/humanresources

PRINCIPAL INVESTIGATOR f?ﬁ[ !: : K x
SIGNATURE M/(g
DEPARTMENT Oncology _” ' .
ADDRESS LHSC, Victoria Campus, Victoria Research Building, Room Ad-fIH A - 1L
PHONE NUMBER extension 58654 a

EMAIL jkoropat@uwo.ca
4

Location of experimental work to be carried out: Bullding(s) Victoria Research Building Room(s) A4
“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 it
being sent to Ocoupational Health and Safety (See Section 12.0, Approvals). For research being
done at Lawson Health Research Institute, London Regional Cancer Centre, Child and Parent
Research Institute or Robarts Research Institute, University Biosafety Committee members can

also sigh as the Safety Officer.

TITLE OF GRANT(S):

CIHR MOP-49441, Metallothioneih in monocyté function, hormone responsiveness, and signal
transduction (Attachment 1)

CIHR MOP-62836, Antisense downregulation of thymidylate synthase as an anticancer therapy
(Attachment 2)

NIH RO1 ES11288-01, Mercury and monocyte activation (Attachment 3)

PLEASE ATTACH A BRIEF DESCRIPTION OF YOUR WORK, SUCH A THE RESEARCH
GRANT SUMMARY(S) THAT EXPLAINS THE BIOHAZARDS USED. PROJECTS
SUBMITTED WITHOUT A SUMMARY WILL NOT BE REVIEWED.

Names of all personnel working under Principal Investigators su varvision in this location:
p I

i) Dr. Peter Ferguson
i) Ms. Alayne Brisson
i) Ms. Kathleen Calonego
+ DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED®
Page 1 of 6
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iv) Dr. Julio Masabanda

v) Or. Reza Mazaheri

vi) Mr. Mark Niglas

vii) Ms. Kristen Reipas
viii) Mr. Alexander Sykelyk

1.0 Microorganisms

1.1 Daes your work involve the uss of microorganisms or biclogical agents of plant or animal
origin (including but not limited to viruses, prions, parasiles, bacteria)? __YES __NO
If no, please proceed to Section 2.0

1.2 Please comPlete the table below:

Name of Is it known to Is it known to be |5 it known to | Maximum guantity to
Biological be a human an animal be a zoonctic |be cultured at one
agent(s) pathegen? pathogen? agent? time?
YES/INO YES/NO YESINO
E. Coli DH101 __Yes XNo |[_.Yes X No |[__Yes X No@litres
__Yes __No (__Yes _ No |__Yes __ No
__Yes __No|__Yss __No |[__Yes _ No
T —_Yes _ _No [ __Yes __No |__Yes __No

1.3 For above named organism(s) or biological agent(s) circle HC or CFiA
Contalnment Level required.

1.4 Source of microrganism(s) or biological agent(s)? ATCC Bacleriolegy Collection

2

2.0 Cell Culture
2.1 Dows your work involve the use of cell cultures? X YES

if no, please proceed to Section 3.0

2.2 Please indicate the type of primary cells (ie. derived from fresh tissue) that will be grown

in aulture in the table below

@Il Type Is this cell type used in your Source of Primary Cell Culture
work? Tigsue

Human X Yes _ No Cancer patients (LRCP),

thically obtained through the
Clinical Cancer Research Unit

Rodent X Yes __No Mice, VRL Vivarium or UWO
Vivarium

Non-human primate __Yes X No

Gther (specify)

« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
Page 2 of 6
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2.3 Please indicate the lyps of established cells that will be grown in cuiture in the table below.

Cell Type Is this cell type used in | Specific cell fine(s) | Supplier / Source
your work? N ]
Human XYes __No See list below ATCC
Rodent il XYes ___No See list below rﬁ\TC(Z
Non-hurnan primate _.Yes XNo
X Yes No insecl see lisl below  [Collaborators in London

Other (specify)

Cell Cullure - Koropatnick Laboratory - London Regional Cancer Program, Cancer Research
Laboratories - VRL

Cell Lines Used:

Huoman:
Anaplastic astrocytoma SF-268 /
Breast MCF-7, MDA-MB-435, MDA- MB 231, MDA- MES -468, K- BR 3
Cervical epithelial HeLau
Colon tumour I IT»%Q CaCo-2~
Epidermoid carcinoma A431+
Erythroleukemia K562 v
Foreskln fibroblast NIH3T3 v
Gastric adenocarcinoma AGS, - ls?dBT N87 Y
Glioma Ug/, A172, SF- %95 SNB 19, U373MG +
Hepatoma Hep-(:ZJ
Kidney tumour 293T.(T-anligen-expressing)
Leuksmia, promyelocylic HL-60~
Lung fibroblast WI-38 v
Lymphoblastoid W1-1.2 *
Mammary epithelial line 1001-8 (ATCC) #
Me]anoma SK-MEL-5 v
vscle tumour BCaH1 v
Non small cell lung carcinoma A549 H520 ¥
Ovarian carcinoma QV-80 v
Pancreatic carcinorna PANC- 1 Panc 02 03, Panc 03. 27 Panc 10, Ob
Prostate carcinoma DUMJ LNCaP
Small cell lung carcinoma DMS1 14, DM8163, ?-169 SHP-77,
Squamous cell carcinoma HN-5a v v

Testicular Leydig cell tumour line MA10 ¥ (LO n,‘g,v-j
Umbilical vein epithelial cell (HUVEC) # - -0 H o
Bodthbiiamy MO -N2Y, pCL-A2OS2, COLOSET, sl ?AGJM&
Rodent: T e

Mouse kidney primary

Mouse embryonic fibroblast (MEF)
Mouse mamrnary tumour 2305
Mouse melanoma B16 F10
Chingse hamstar ovary

Insect:
SF9

« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED"
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2.4 For above named ¢ell types(s) circle HC or CFiA containment level required t 2 3
All the above cells lines will be handled at containmant leve! 2

3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? X YES __NO
If no, please procesd to Section 4.0

3.2 Indicate if the following will be used in the laboratory
+ Human blood {(whole) or other bodily fluids X YES __ NO Specify. hlood
+  Human blood (fraction) or other bodfly fluids X YES __NO Specify: white blood cells

¢ Human organs (unpreserved) __YES X NO Specify
Human tissues (unpreserved) X YES __ NO Spacify: tumour tissue
3.3 Is human source known to be infected with and Infectious agent __ YES ANO
If YES , please name Infectious agent
3.4 For above named materials circle HC or CFIA containment level required. 2

4.0 Genatlcally Modified Organisms and Cell lines

4.1 Wil genetic madifications be macde to the microorganisms, biological agents or cells described
in Sections 1.0 and 2.0 7 X YES __NO
If no, please proceed to Sectlon 5.0

4.2 Wil genstic sequences from the following be involved:

e HIV —
if YES specify
« HTLV 1 0r 2 or genes from any CDC class 1 pathogens __YES X NO

if YES specify
e Other human or animal pathogen and or their toxins __YES XA NO

if YES specify

4.3 Will intact genetic sequences be used from

» SV 40 Large T anligsen __YES X NO___ If YES specify

»  Known oncogenes __YES X NO__ It YES specify

4.4 Will a live vector(s) (viral or bacterial} be used for gene transduction __ YES X NO
if YES name virus

YES ANO

4.5 Llst specific veclor(s) to ba used:

4.6 Will virus be replication defective __YES __NO

4.7 Will virus be infectious to humans or animals __YES& __NO

4.8 Will this be expected fo increase the Containment Level required __YES __NO

« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED”
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5.0 Human Gene Therapy Trlals

5.1 Wili human clinical triats using the viral vecter in 4.0 be conducted? _ YES X NO
If no, piease proceed to Section 6.0
if YES attach a full description of the make-up of the virus,

YES __NO

5.2 Will virus be able o repficate in the host? _

5.3 How will the virus be agministarad?

5.4 Please give the Health Care Facility where the clinical trial will be conducted:

5.5 Has human ethics approval been obtained? __YES __NO

6.0 Anlmal Experiments
6.1 Will any of the agents listed be used in live animals? ™ VYEs & NO
If no, please proceed to section 7.0

6.2 Name of animal specles to be used _C D~ 1 nu‘f\u\ haa

6.3 AUS protocol # . O © 4 ~O<0 - D
6.4 If using murine cell lines, have they besn tested for murine pathogens? X YES __NO
7.0 Use of Animal species with Zoonotic Hazards

7 4 Will any of the following animals or their organs, tissues, lavages or other bodily fluids

including blood be used:
¢ Pound source dogs __YES XNO

+ Pound source cats __YES X NO

+ Sheep or goats __YESXNO

¢ Non- Human Primates __ YES X NO If YES specify species

¢ Wild caught animals __YES X NO If YES spacify species
colony #

8.0 Biotogical Toxins
8.1 Will toxins of biological origin be used? _ YES X NO
If no, please proceed to Section 9.0

8.2 If YES, please name the toxin

8.3 Whal is the LDso (specify species) of ths toxin

9.0 Import Requirements

9.1 Will the agent be imported? X YES ___ NO

If no, please proceed to Saction 10.0
If yes, country of origin USA {primarily from the American Type Culture Colleglian)

9.2 Has an Impor Permit been obtained from HC for human pathogens? X YES __ NO

+ DESCRIPTION MUST BE ATTACHEQ TO THIS FORM OR PROJECT WILL NOT 8E REVIEWED*
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9.3 Has an impori parmit been oblained from CFIA for animal pathogens? __ YES _ NO

9.4 Has the impor permit been gent to OHS? X YES __ NO

If yes, Permit # BIQ-LRCG-0008

10,0 Training Requirements for Parsonnel named on Form

All personnel named on Ihe above form who will be using any of the above named agents are
required to attand the following training courses given by OH3

¢ Biosalety
+ Laboratory and Environmental/Waste Management Safety

+  WHMIS

As the Principal Investigator, | have ensured that all of the personnel named on the form who will
be using any of me} da;'ardous agents In Sections 1.0 to 9.0 have been trained.

A (ZW»\,L

11.0 Containment Levelu

SIGNATURE

111 For \he work described in sections 1.0 to 8.0, please underiine the highest
HC or CFIA Containment Levsl required. 123

+1.2 Has the facility been certified by OHS for this level of containment? ~ X YES NO
.11.3 If yas, please give the date and permit numbper:_INAR.C W L) . &G@;

e i "‘)
12.0 Approvals /\/BMQ F@“Q"'f

UWO Biohazard Subcommiltes

Signalure é;;, _ }\t ) K : . O

Date ¢ g Dzl
(. i
Safoty Officer for Institution whquexaenmant s wil mke place A QA / (/ ot PG /J
/
Signature ___ =" o ’ w_‘_") < Z Py, LA OS5 Q:p/ /fr“c/

Date 5 / //’“ / ‘7}}’/‘/0;@:{)’ s oo/ X

Safety Officer for University of Westarn Ontario (if different than above) [‘&Q s o7 A/,@/‘

Signature ay }‘puy\i,é/ug P g 2 Lesd
Date Oecd V| 2008 ~ C"QWQ’Q;/G !
! ﬂﬂ&i "\P\@«Q—"

» DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WLl NOT BE REVIEWED"
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