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Interactions of CCCH Zinc Finger Proteins with mRNA
BINDING OF TRISTETRAPROLIN-RELATED ZINC FINGER PROTEINS TO AU-RICH ELEMENTS AND

DESTABILIZATION OF mRNA®*

Received for publication, February 25, 2000

Published, JBC Papers in Press, April 5, 2000, DOI 16.1074/jbc.M00}1696200

Wi S. Lai#, Ester Carballof, Judith M. Thornt, Elizabeth A. Kennington#,

and Perry J. Blackshear:§1

From the 10ffice of Clinical Research and Laboratory of Signal Transduction, NIEHS, Nationa!l Institutes of Health,
Research Triangle Park, North Caroling 27709 and the §Departments of Medicine and Biochemistry,
Duhe University Medical Center, Durham, North Caroline 27710

Macrophages derived from tristetraprolin (TTP)-defi-
cient mice exhibited increased tumor necrosis factor o
(TNF«) release as a consequence of increased stability of
TNFa mRNA, T'TP was then shown to destabilize TNFa
mRBRNA after binding directly to the AU-rich region
(ARE) of the 3'-untranslated region of the TNFa mRNA.
In mammals and in Xenopus, TTP is the prototype of a
small family of three known zinc finger proteins con-
taining two CCCH zinc fingers spaced 18 amino acids
apart; a fourth more distantly related family member
has been identified in Xenopus and fish, We show here
that representatives of all four family members were
able to bind to the TNFa ARE in a cell-free system and,
in most cases, promote the breakdown of TNFae mRNA in
intact cells, Because the primary sequences of these
CCCH proteins are most closely related in their tandem
zine finger domains, we tested whether various frag-
ments of TTP that contained both zinc fingers resem-
bled the intact protein in these assays. We found that
amino- and carboxyl-terminal truncated forms of TTP,
as well as a 77 amino acid fragment that contained both
zinc fingers, could bind to the TNF« ARE in cell-free
cross-linking and gel shift assays. In addition, these
truncated forms of TTP could also stimulate the appar-
ent deadenylation and/or breakdown of TNFe mRNA in
intact cells. Alignments of the tandem zinc finger do-
mains from all four groups of homologous proteins have
identified invariant residues as well as group-specific
signature amino acids that presumably contribute
to ARE binding and protein-specific activities,
respectively.

Zinc finger domains within proteins can mediate interactions
with DNA, RNA, other proteins, and small molecules such as
diaeylglycerols, One relatively uncommon class of zinc finger
proteins contains fingers of the CCCH type, in which three
cysteines and one histidine are thought to coordinate a single
atom of zine, Members of a subclass of the larger family of
CCCH zinc finger proteins contain twe tandem zinc fingers
consisting of CXgCX,CX;H, where X refers to variable amino
acids, spaced exactly 18 amino acids apart. The prototype of
proteins of this CCCH double zinc finger subclass is tristetra-

* The costs of publication of this article were defrayed in pazt by the
payment of page charges. This article must therefore be hereby marked
“advertisement” in accordance with 18 U.S.C. Section 1734 solely to
indicate this faet.

9 To whom correspendence should be addressed: A2-05 NIEHS, 111
Alexander Dr,, Research Triangle Park, NC 27709, Tel.: 919-541-4899;
Fax: 919-541-4571; E-mail: black009@niehs.nih.gov.

This paper is available on line at hitp://www.jbc.org

prolin (TTP),! also known as TIS11 and Nup475. It was first
identified as the product of an immediate early response gene
in fibroblasts and other cells stimulated with insulin, serum, or
phorbol esters (1-4). The same stimuli that increase transerip-
tion of this gene also stimulate its rapid serine phosphorylation
(5) and rapid nuclear to cytosel translocation (6) in fibroblasts.

TTP-deficient mice appear normal at birth but rapidly de-
velop a wasting syndrome accompanied by ercsive arthritis,
dermatitis, alopecia, autoantibodies, and myeloid hyperplasia.
Essentially all of these abnormalities were prevented by the
injection of monoclonal antibodies specific for mouse tumor
necrosis factor (TNFa) (7). Macrophages derived from these
mice exhibited enhanced TNFa release, accompanied by in-
creases in TNFa mRNA levels (8}, This was due to an increase
in gtability of TNFe mRNA in macrophages derived from TTP-
deficient mice (9). These findings implicated TTP as an intra-
cellular regulator of TNFa mRNA stability and thus of TNFo
biosynthesis. More recently, we have shown that TTP defi-
ciency has a similar effect on the stability of another mRNA
containing a so-called class IT AU-rich element (ARE), that
encoding granulecyte-macrophage colony-stimulating factor
(GM-CSF) (10). In this case, there was a marked stabilization
of GM-CSF mRNA in bone marrow stromal cells derived from
TTP-deficient mice compared with control cells, indicating that
TTP is also a physiological regulator of GM-CSF mRNA stabil-
ity and thus of GM-CSF secretion (10),

TTP can bind divectly to the ARE of TNI'a mRNA (9, 11). The
integrity of both zinc fingers was required for this dirvect pro-
tein-RNA interaction, because a single C — R mutation within
the CCCH motif from either finger abolished the ARE binding
activity of TTP (11). The same mutations abrogated the ability
of TTP to destabilize the TNFa mRNA in intact cells (11).
These studies indicated that TTP could hind directly to the
TNFa ARE and destabilize the TNFe mENA in a zinc finger-
dependent manner, apparently by initially stimulating its
deadenylation (11).

Aside from TTP, two other membars of this subclass have
been identified to date in mammals: eMG1 (TIS11b, ERF1, and
Berg-36) (12-158) and TIS11d {(ERF2) (15, 16). All three of these
proteins contain the two typical CCCH fingers, spaced 18
amino acids apart, with the sequence RYKTEL or a variant
leading into each finger. Proteins with nearly identical double
zine fingers spaced 18 amino acids apart have been identified in

! The abbreviations used are: TTP, tristetraprolin; TNFa, tumor ne-
crosis factor «; ARE, AU-rich element; GM-CSF, granulocyte-macroph-
age colony-stimulating factor; TZF, tandem zinc finger; PAGE, poly-
acrylamide gel electrophoresis; CMV, eytomegalovirus; PCR, poly-
merase chain reaction; bp, base pair{s).
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RNA-destabilizing Factor Tristetraprolin Negatively

Regulates NF-kB Signaling”

Received for publication, May 26, 2009, and in revised form, August 17, 2009 Published, JBC Papers in Press, September 8, 2009, DOI 10.1074/bcM109.024745

Jian Liang, Tianhua Lel, Yuting Song, Natalie Yanes, Yongfen Qi, and Mingui Fu’
From the Burnett School of Biomedical Sciences, College of Medicine, University of Central Florida, Orlando, Florida 32816

Tristetraprolin (T'TP) is a CCCH zinc finger-containing pro-
tein that destabilizes mRNA by binding te an AU-rich element.
Mice deficient in TTP develop a severe inflammatory syndrome
mainly because of overproduction of tumor necrosis factor o.
We report here that TTP also negatively regulates NF- B signal-
ing at the transcriptional corepressor level, by which it may
repress inflammatory gene transcription. TTP expression
inhibited NF-«B-dependent transcription. However, overex-
pression of TTP did not affect reporter mRNA stability. Instead,
TTP functioned as a corepressor of p65/NF-kB, In support of
this concept, we found that TTP physically interacted with the
p65 subunit of NF-«B and was also associated with HDACI, -3,
and -7 in vive. Treatment with histone deacetylase inhibitors or
small interfering RNA induced HDACI1 or HDAC3 knockdown
completely or partly abolished the inhibitory activity of TTP on
NF-kB reporter activation. Consistently, chrematin immuno-
precipitation showed decreased recruitment of HDACI1 and
increased recruitment of CREB-binding protein on the Mcp-1
promaoter in TTP™'™ cells compared with wild-type cells. More-
over, overexpression of TTP blocked CREB-binding protein-in-
duced acetylation of p65/NF-«B. Taken together, these data
suggest that TTP may alse function in vive as a modulator in
suppressing the transcriptional activity of NF-«B.

The transcription factor NF-«B mediates the major inflam-
matory signal pathways and regulates the most inflammatory
gene expression (1). Excessive and prolonged activation of
NF-kB can cause massive damage to host tissue and can result
in human inflammatory diseases such as atherosclerosis and
arthritis {2). Thus, the activation of NF-«B must be terminated
through multiple mechanisms, including recruitment of tran-
scriptional corepressors {3-5).

TTP? is an RNA-binding protein required for the rapid deg-
radation of mRNAs containing AU-rich elements (6). Targets
regulated by TTP include the mRNAs encoding TNFa (7),

* This work was supported by a James and Esther King New Investigator
research grant and an American Heart Association beginning grant-in-aid
{to M. F).

' To whom correspondence should be addressed: Burnett School of Biomed-
ical Sciences, College of Medicine, University of Central Florida, 4000 Cen-
tral Florida Blvd., Orlando, FL 32816, Tel.: 407-823-1306; Fax: 407-823-0956;
E-mail: mfu@mail.ucf.edu.

2 The abbreviations used are: TTP, tristetraprolin; TNF o, tumor necrosis factor
o; HDAC, histone deacetyfase; MEF, mouse embryonic fibroblast; HA,
hemagglutinin; CBP, cAMP-responsive element-binding protein-binding
protein; IKKB, IkB kinase B; siRNA, small interfering RNA; LPS, lipopolysac-
charide; IL-15, interleukin-13; GST, glutathione S-transferase; ChIP, chro-
matin immunoprecipitation; STAT, signal transducer and activator of tran-
scription; TAD, transcriptional activation domain,
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granulocyte-macrophage colony-stimulating factor (8}, and
interleukin-2 (9), etc. Mice deficient in TTP develop an inflam-
matory syndrome characterized by cachexia, spontaneous
arthritis, dermatitis, and neutrophilia (10). The inflammatory
syndrome in TTP™/~ mice is caused mainly by overproduction
of TNFaw, as neutralizing antibodies reactive with TNFw pre-
vent most of the inflammatory symptoms in TTP ™/~ mice (10).
Overexpression of TNFa in TTP ™/~ mice may be explained by
its prolonged mRNA half-life, but other mechanisms may also
exist. Accumulating evidence indicates that TTP may have
additional functions besides influencing cytokine mRNA stabil-
ity. In Schizosaccharomyces pombe, a TTP-related protein is
required for effective transmission of a pheromone-induced
Ras/mitogen-activated protein kinase (MAPK) signal (11}. In
addition, a rim/edc25 mutant can be complemented by either
the Cdc2 kinase or a TTP/TISI! gene, suggesting a cell cycle
effect (12). A TTP/TIS11-related protein in Saccharontyces cer-
evisiae is required for normal metabolismm and retards celf
growth when overexpressed (13). TTP is induced during apo-
ptosis in response to the breast cancer susceptibility protein
BRCAI1 (14). Furthermore, continuous expression of TTD at
physiological levels causes apoptotic cell death (15, 16). These
abservations indicate that TTP protein might influence regula-
tory pathways that regulate survival, differentiation, or prolif-
eration. In a genome-wide analysis of T'TP-affected glucacorti-
coid targets, the half-lives of many TTP target mRNAs were not
increased in TTP ™'~ cells, suggesting a regulatory role for TTP
not limited to mRNA turnover {17). In addition, TTP is shuttled
between the cytoplasm and nucleus (18). It promotes mRNA
decay in the cytoplasm. However, what it does in the nucleus is
unknown.

We report here that TTP also negatively regulates NF-xB
signaling at the transcriptional corepressor level. It suppresses
the transcriptional activity of p65/NF-&B by recruiting HDACs
on the NF-«B target gene promoters. These results suggest that
TTP may control the inflammatory response through multiple
mechanisms, including inhibition of transcription in the
nucleus and promotion of mRNA decay in the cytoplasm.

MATERIALS AND METHODS

Cells—Littermate wild-type and TTP ™'~ day 14.5 embryos
were used to generate MEF cell lines 67" and 66/, respec-
tively {provided by Dr. Perry J. Blackshear, NIEHS, NIH,
Research Triangie Park, NC}. Cells were grown as a monolayer
in Dulbecco’s modified Eagle's medium (Invitrogen) containing
10% fetal bovine serwm, 2 mm L-glutamine, and 100 units/ml
each penicillin and streptomycin. The mouse macrophage cell
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Homo sapiens zinc finger protein 36, C3H type, homolog
{mouse) (ZFP36), mRNA

Comment Features Sequence

LOCUS NM_003407 981 bp mRNA linear PRI 31-JAN-2010

DEFINITION Homo sapiens zinc finger protein 36, C3H type, homolog (mouse}
{2FP36), mRNA.

ACCESSION MM_0903407 REGION: 59..1039

VERSION NM_003407.2 GI:141802261
KEYWORDS
SOURCE Homo sapiens {(human}

ORGANISM Homo gapiens
Fukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Marmmalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homa,
REFERENCE 1 (bases 1 te 9281)
AUTHORS Schichl,Y.M., Resch,U., Hofer-Warbinek,R. and de Martin,R.
TITLE Tristetraprolin impairs NF-kappaB/p65 nuclear translocation
JOURNAL J. Biol. Chem. 284 (43), 29571-29581 (2009}
PUBMED 19654331
REMARK GeneRIF: attenuation of NF-kappaB activity is at least in part due
to an interference of TTP with the nuclear import of the p6S
subunit of the transcription factor
REFERENCE 2 ({bases 1 to 981)
AUTHORS Balakathiresan,N.S., Bhattacharyya,S., Gutti,U., Leng,R.P.,
Jozwik,C., Huang,W., Srivastava,M., Pollard,H.B. and Biswas,R.
TITLE Tristetraprolin regulates IL-8 mRNA stability in cystic fibrosis
lung epithelial cells
JOURNAL Am. J. Physiol. Lung Cell Mol. Physiol. 296 {6), L1012-L1018 (2009)
PUBMED 19363120
REMARK GeneRIF: enhanced stability of IL-8 mRNA in TTP-deficient cystic
fibrosis lung epithelial cells serve to drive the proinflammatory
cellular phenotype in the lung
REFERENCE 3 (bases 1 to §81)
AUTHORS Cgilvie,R.L., Sternjohn,J.R., Rattenbacher,B., Vlasova,I.A.,
Williams,D.A., Hau,H.H., Blackshear,P.J. and Beohjanen,P.R.
TITLE Tristetraprolin mediates interferon-gamma mRNA decay
JOURNAL J. Biol. Chem. 284 (17}, 11216-11223 (2009)
PUBMED 19253311

REMARK GeneRIF: Tristetraprolin plays an important role in turning off
TFN-gamma expression at the appropriate time during an immune
response

REFERENCE 4 (bases 1 to 981}

AUTHORS Takahashi,N., Sato,N., Takahashi,s. and Tojo,A.

TITLE Gene-expression profiles of peripheral blood moncnuclear cell
subpopulations in acute graft-vs-host disease following cord blood
transplantation

JOURNAL Exp. Hematol. 36 (12), 1760-177C¢ (2008}

PUBMED 18814951

REMARK GeneRIF: downregulation of antiinflammatory factors, such as
TNFAIP3, KLF2, ZFP36, and BTG1l, seems to be involved in
acceleration of immune response, thus exacerbation of acute GVHD.

REFERENCE 5 ({bases 1 tec 981)

AUTHORS Suzuki,T., Tsutsumi,A., Suzuki,H., Suzuki,E., Sugihara,M.,
Muraki,¥., Hayashi,?., Chino,Y., Goto,D., Matsumoto,T., Ite,5.,
Miyazawa, XK. and Sumida,T.

TITLE Tristetraprolin (TTP} gene polymorphisms in patients with
rheumatoid arthritis and healthy individuals

JOURNAL Mocd Rheumatol 18 (%), 472-479 (2008)

PUBMED 18536977

REMARK GeneRIF: T[he disease duration in Rheuamtoid arthritis patients with
Tristetraprolin (TTP) genotype GG was shorter than that of patients
with gencotypes AA/AG

REFERENCE 6 (bases 1 to 981)

AUTHORS Taylor,G.A., Thompson,M.J., Lai,W.5. and Blackshear,P.J.

TITLE Phosphorylation of tristetraprolin, a potential zinc finger
transcription factor, by mitogen stimulation in intact cells and by
mitogen-activated protein kinase in vitro

JOURNAL J. Biol. Chem. 270 (22}, 13341-13347 (1995)

PUBMED 1768935
REFERENCE 7 (bases 1 to 981)

AUTHORS Heximer,S.P. and Forsdyke,D.R.

TITLE A human putative lymphocyte GO/Gl switch gene homologous to a
rodent gene encoding a zinc-binding potential transcription factor

JOURNAL DNA Cell Biol. 12 (1), 73-88 (1953}

PUBMED 8422274
REFERENCE 8 (bases 1 to %81)
AUTHORS Taylor,G.A., Lai,®w.s., Oakey,R.J., Seldin,M.F., Shows,T.B..

http://www.ncbi.nlm.nih.gov/nuccore/141802261 ?from=59&to=1039&report=gbwithparts 3/3/2010
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Eddy,R.L. Jr. and Blackshear,P.J.

The human TTP protein: sequence, alignment with related proteins,
and chromosomal localization of the mouse and human genes
Nucleic Acids Res. 19 (12), 3454 (1991)

2062650

9 (bases 1 to 981)

DuBois,R.N., McLane,M.W., Ryder,K., Lau,L.F. and Nathans,D.

A growth factor-inducible nuclear protein with a novel
cysteine/histidine repetitive sequence

J. Biol. Chem. 265 (31), 19185-19191 (1990)

1699942

10 (bases 1 to 981)

Lai,w.S., Stumpo,D.J. and Blackshear,P.J.

Rapid insulin-stimulated accumulation of an mRNA encoding a
proline-rich protein

J. Biol. Chem. 265 (27), 16556-16563 (1990)

2204625

PROVISIONAL REFSEQ: This record has not yet been subject to final
NCBI review. The reference sequence was derived from M92843.1.
on Apr 5, 2007 this seguence version replaced gi: 4507960,

Sequence Note: removed 1 base from the 5' end that did not align to
the reference genome assembly,

Publication Note: This RefSeqg record includes a subset of the
publications that are available for this gene. Please see the
Entrez Gene record to access additional publications.

REFSEQ_SPAN PRIMARY_IDENTIFIER PRIMARY_SPAN COMP
1-1745 M32843.1 2-1746
Location/Qualifiers
1.:981

/organism="Homo sapiens"

/mol_type="mRNA"

/db_xref="taxon:9608"

/chromosome="19"

/map="19gl3.1"

<1l..>981

/gene="ZFP36"

/gene_synonym="G0S24; GOS24; NUP475; RNF162A; TIS1l; TTP"
/note="zinc finger protein 36, C3H type, homoleg (mouse)"
/db_xref="GeneID:7538"

/db_xref="HGNC:12862"

/8b_xref="HPRD:01835"

/db_xref="MIM:130700"

<l,.24

/gene="ZFP36"

/gene_synonym="G0S24; GO0S24; NUP475; RNF162A; TIS1l; TTP"
/inference="alignment:Splign"

/number=1

1..981

/gene="4ZFP36"

/gene_synonym="G0S24; GOS24; NUP475; RNF162A; TIS11l; TTP"
/note="tristetraprolin; zinc finger protein, C3H type, 36
homolog"

/codon_start=1

/product="zinc finger protein 36, C3H type, homolog"
/protein_id="NP_003398.1"

/db_xref="GI:4507%61"

/db_xref="CCDS:CCDS12534.1"

/db_xref="GeneID:7538"

/db_xref="HGNC:12862"

/db_xref="HPRD:01835"

/db_xref="MIM:130700"
/translation="MDLTAIYESLLSLSPDVPVPSDHGGTESSPGWGSSGPWSLSPSD
SSPSGVTSRLPGRSTSLVEGRSCGWVPPPPGFAPLAPRLGPELSPSPTSPTATSTTPS
RYKTELCRTFSESGRCRYGAKCQFAHGLGELRQANRHPKYKTELCHKFYLQGRCPYGS
RCHFIHNPSEDLAAPGHPPVLRQSISFSGLPSGRRTSPPPPGLAGPSLSSSSFSPSSS
PPPPGDLPLSPSAFSAAPGTPLARRDPTPVCCPSCRRATPISVWGPLGGLVRTPSVQS
LGSDPDEYASSGSSLGGSDSPVFEAGVFAPPQPVAAPRRLPIFNRISVSE"
25.,>981

/gene="ZFP36"

/gene_synonym="G0S24; GOS24; NUP475; RNF162A; TISll; TTP"
/inference="alignment:Splign"

/number=2

840..>981

/gene="ZFP36"

/gene_synonym="G0S24; GOS24; NUP475; RNF162A; TIS1ll; TTP"
/standard_name="PMC321570P3"

/db_xref="UnisTS:273117"

978, .>»981

/gene="ZFP36"

http://www.ncbi.nlm.nih.gov/nuccore/141802261?from=59&to=1039&report=gbwithparts
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Nucleotide - Homo sapiens zinc finger protein 36, C3H type, hom...

/gene_synonym="G0S824; G0S824;

/standard_name="RH80286"
/db_xref="UniSTS:30029"

CORIGIN

1 atggatctga ctgccatcta
61 tccgaccatyg gagggactga
121 ageccctocyg actccagoec
181 ctagtggagg gccgcagcty
241 ccocgectgg goeoctgaget
301 ccctegoget acaagactga
361 ggygccaagt gccagttbtgce
421 aaatacaaga cggaactctg
481 cgetgeeact tcatccacaa
541 cttcgecaga geatcagett
601 ccaggcctgg ccggecctte
661 ccacctgggg accttccact
721 gctcgaagag accccacceco
781 gtctggggge ccttgggtag
841 cctgatgaalt atgccagcag
901 gegggagttt ttgecaccacc
961 cgcatctctg tttctgagtg

http://www.ncbi.nlm.nih.gov/nuccore/141802261?from=59&to=1039&report=gbwithparts

cgagagecte
gtccagececa
gtotggggte
tggetygggtyg
gtcaccectea
gctatgtegy
ccatggeetyg
tcacaagttc
ccctagegaa
ctcecggecty
cotgtoctee
gtcaccetek
agtetgttge
ccbyggttocgg
cggeageage
ccagccecegty
a

ctgtcgctyga
ggctggggct
acctcocgec
cceeoeacesc
cccacttege
accttecteag
ggcgagetgce
tacctecagyg
gacctggegy
ccectetggee
agcbccoiet
gcecttcoteky
ceckoaotgec
acceeckety
ctgggggygct
gcagceceoee

NUP4175;

gcecectgacgt
ccteogggace
tgcctggecoyg
ctagettege
ccactgcaac
agagtgggcyg
gccaggecaa
geegetgeee
cccegggeca
gcoggaccke
cgcectecay
ctgccectygy
gaagggccac
tacagtcect
ctgactctec
ggcgactcce

RNF162A4; TIS11;

gcecgbgeca
ctggagecctyg
cteccaccage
accgctygget
ctccaccace
ctgccgetac
Lcgocaccee
ctacggectet
cecetectgtg
accaccaccea
ctecccacca
caccceccty
tcectatcage
gggatccgac
cgtcttocgag
catcttcaat

TTP"
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‘Daoy, Daoy-TrkATkB/TrkC {wt and

i
[

‘BE(2)-C, SK-N-DZ, SK-N-MC, SK-N-F1,

-

foomt FRS2, FRS3, Shp2, FRS3 (shRNA},

INesca (shRNA}, RasFrf1, SV 40 Large, T

tantigen, pCMX, pCDNA3. 1, pEGFP, FRSZ,
iFRSS. SheB, SheC, AKT, Fyn, NR28, STEP

iisoforms. Rasfril, Nesca, Axin, bela-cate

in, ,

Page of 2



ASE AT EACH UALUEERIL SEPETY PV UNIHLET QR FOLEEALLNE FOR NEY BIOIELZTRDS
E NS A TAUTE L SRR DERCRIPPION C1F FHE WORN THA T ENSL AN LT BIOHAZARDS USEO AND Jent THEY WHE B

Ty

As the principal investigator, I have ensuved that all of the personnel named on the form have been
trained. 1will 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), Twill ensure that UWO faculty, staff and students working in my laboratory have an up-to-
date Hazard Communication Form, found at hitp://www.wph.uwo.ca,

Signature of Permit Holder: 0 ‘5 ) LA 24 A"")/}’C{a//(

Classification: _724_

Date of Last Biohazardous Agents Registry Form: May 3, 2007

Date of Last Modification (if applicable): Aug 4, 2009

BioSafety Officer(s): MMW O endugy _Q;Lc_%/ 09
/ 0B~
Chair, Biohazards Subcommittee: D L( . 6: .

Thursduy, December 10, 2009 Page 2 0f 2



gt deb. b+

Approved Personnel Additional Personnel
(Please stroke out any personnel to be removed) (Please list additional personnel here)
JupindesBains” ' .
Andrewrt i ” l [Z nso [Z) (¢f1e K
fer F ’ A .
Jennifer Forsyth /]§§A4( /ﬂ/( /){q o

~Jannifer Gerasimoff

Chunhui Li ,T(;m /,} Vafu#
KT BTGOKes % g;(erd

Todd. Hryeiv~
Sara-bleMay™™

James MacDonald

o PLEASE ATTACH A MATERIAL SAFETY DATA SHEET OR EQUIVALENT FOR NEW BIGHAZARDS.
Sa PLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPLAINS THE BIOHAZARDS USED AND HOW THEY WILL 831
[EAY

Classilication: ‘ :

Date of Iast Biohazardous Agents Regisiry Form: May 3, 2007

Signature of Permit Holder: (gg;sz),zf{/f/], )O’(g,e(/\/

iosarety Offieer(: Q) PVomiea \uly24 o4
Chair,Biohazards Subcommitice: C“:)PL’( X té_l_é)_qj’ B AU() ‘f/()‘;

Moniduy, Aprii 27, 2009 Page 1 of 2




Approved
Microorganisms

Approved Cells

Approved Use of
Human Souiee
Material

Approved GMO

Approved use of

Animals

Approved Toxin{s)

&

PLEASE ATTALH 8 MATERIAL

Weite additional Riohazards for
appreval below, *

Please stroke ont any approved
Biohazavds to be removed below

veast, E <ol conlaining plasmids

Human {astablished), rodent (established,
primary), NHP {estabiished), Hek 203, 29317
cells, SYSY, IMR32, S8K-N-AS, CHP-242,
BE(2)-C, 8K-N-DZ, SK-N-MC, SK-N-F1,
Davy, Daoy- Tk A TKB/TrkC {wl and

Ug7mg
54|

SV 41 Large, T anligen, pGMX, pCONAJT,
pEGFP, FRS2, FRE3, SheB, SheC, AKT,
Fyn, NR28, STER Isoforms, RasFril, Nesca,
Axin, beta-calenin, FGFRs, G8T fusion
veotors, pAS, pAGT, pGad, pAd-Easy,

SAFETY DATA SHEET OR EQUIVALENT FOR NEH HMONAZARDS,

wi PLEASE ATTACH A BRIEE DESCRIPTION OF 1 HE WORK THAT EXPLAINS THE BIOHAZARDSY USED AND Y THEY WiLL BE

[EATA S

Meoduy, Aprit 27, 2009

Classification:

Date of Inst Biohazardons Agents Registry Form:
T

. oI e

Signature of Permit Holder: (\7.\5)/(,&,_}{&.7\{_

May 3, 2007

iosafety Oteer(: QY bty Yoty L fO8
& b, 9o

FPage 20/ 2

Chair,Biochazards Subeonmiltee:



TR research Looay Lab addresses e mechanisis activated
by the receplol tyrosine kinases termed Trk in the
Asvelooing and mainre nervous systems. The Trk Family
ineludes 3 members, Trkd (activated by nerve growhn
facrary, Trks (activaced by brain-derived neurctropnic
Sactor) and(TrxCH(activated by neurctrophin 3} . My
research addrzgses (1) mechanisms of how TrkA can activate
cel) death in tumors of the nervous systen such as

nedul loblastomas and glioblastomas, {2) mechanisms where Dy
TrkB facilitates long-term potentiation and memory, via
SheC, RasGril and the NMDA receptors, {3y mechanisms of
neuronal survival and neuronal process formation, via
Nesca, RasGrfl and ERS3 and (4} mechanisns of how RS 3
facilitates cortical neuron development and migration
during cortical neurogenesis. We address these guestions
using a variety of molecular and cell kiology approaches
including transgenic mice, primary neuron cultures, knock
down studies using knock-cut mice or loss of expression via
51RMA or shRNA approaches as well as transfection and over-
axpression approaches using plasmids ot adenoviral
axpression in both astablished and primary neuronal cell

-

culture.
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wem-= Qriginal Message --------
Subject:Re: semliki forest virus veetors - containment level request
Date:Fri, 26 Jun 2009 08:36:28 -0400
From:Genevieve Lacroix <genevieve_lacroix{@phac-aspc.ge.ca>
To:Jennifer Stanley <jstanle2/@uwo.ca>

is and vac-ors are zlassified as risk group 2 numan

Semlik. 71y

DAInoYDNS,

cparafore you snould follow Lhe Juidelires for containmens tavel 2
Wonk.

also 5uggest Lnat 704 4o a Snord risk assaessment on bae word Latent ob
your resaarcner Lo Hararmina LE addizional reduirsmenis ara nstedsaly.
dava a gond day

Genaviewe Lacroix, M.35C.
A/Read, Importation and Biosaf
Snef Latérimaire/Impertarion 2 ervuce de plosézurita

NFfice of Laporabory Sscurity suread de la sacurizé des laboratolras
public Health Agency of Janada / Agence de la santé publigue du Canada
166 on. “olonnade d. AL: 8201A, Outvawa, Ontario, Canada, X1A 3x2

37 941-381¢8

Fax: {613)311-039%

genavisve lacroixdpnac-aspc.gs.ca

ht:p://www.phac—aspc.\:.:a/ois~051/1ndax.html

ety Programs
T3
/

L LAY an)
Ta.: (0L.
o~



ATCC: Catalog Scarch

M CC

The Global Bioresource Center

Page 1 of 2

Search Catalog

select a Category ; ’i

(e]

1= togin Search Options

About  Cultures and Products  Science  Standards  Deposit Services

Custom Services  Praduct Use Policy

ATCC Advanced Catalog Search » Product Details

Product Description

Refore suomitting an order you will ba asked to read and accept the terms and conditions of ATCC's Materlal Transfer Agreement or, in

certain cases, an MTA specified by the depositing Institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Japan, Korea, Hacau, Mexico, Hew Zealand, Singapore, and Taivan,

R.0.C. must contact a local disteibuter for pricing infermation and to place an order for ATCC cultures and producls,

cell Binlogy

ATCCY Number:
Deslgnations:

Biosafely Level;

Medium & Serim:

Organism:

Source:

Permits/Forms:

Applications:

Tumorigenic:
Antigen Expression:

Cytogenetic Analysis:

Isoenzymes:

Age:
Gender:
Etiinicity:

Comments:

Propagation:

Print this Page

nrg-14 [ Order this item ] Price: $256.00

U-87 MG Deposltors: ) Ponten

i Shipped: frozen

See Propagation Growth adherent

Properties:
Homo sapiens (human) Marphology: epithelial
f.\'

KL

Organ: brain

‘Tumor Stage: classified as grade [V as of 2007

pDlsease: glicblastoma; astrocytoma

(n additicn to the MTA menticned above, other ATCC andfor regulatory permits may be required for the transfer
of this ATCC material. Anyone purchasing ATCC material is ultimately responsible for obtaining the permits.
please ¢lick here for information regarding the specific requirements for shipment to your [ocation.

Related Cell Culture Products
transfection hest (Mucleofection technalogy. from Lanza
Roche FUGENE® Transfection Reagents)
Yes

Blood Type A, Rht

This i¢ @ hypodiplaid human cell kne with the modal chromoseme number of A4 occurring in 8% of cells. The
rate of higher ploidy was 5.9%., Twelve markers were comman to all cells, including der(1)t(1;3) (p22;921),
der(L6){1;16) (p22,p12), del{?) (pL3) and nine olhers. The marker der( 1) had two cepies In most cclls There
was only ane copy of nermal X. Nt N6 and N9 were nol feund.

AK-1L, L

£5-D, 1

GAPD, B

GLO-I, 1

Me-2, L

PGHIL, 2

PGH3, 1

A years

female
Caacasan
all linos daeawot from malideant ghomas (s22 aiss ATCC HTB-15 and ATCC HTB-16)

mo1956 1) 1969
v 435 ahmimatad e Saggemises 125

By 3. P
Meyzapi 3 soniantinatl
ATCC complete growth medium: Tn2 03s<
Catalag No. 30-2003. T 255 At grawith

fatal boving sevum b3 3 final arcent@ation A 10

urry for this 22il hine s

Atmosphere: 5% CO2an 1y recammaenda!
Temperature: 3/.3°C
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robarts

CRESEARCH

€

BIOHAZARDOUS AGENTS REGISTRY FORM

Reviewed by Blosalely Subcommitles: February 2006

This form must be completed by each Principal Investigator when completing a grant application o7
graml renewal to he administerod Dy the Robarts Research Institute, if the uso of bfohazardous ariclior
infectious agenlts is proposed. For any proposed animal work involving the use of Mohazardous
agents or animals carrying zoonotic agoents infectious to humans, this form must also be complated.

COMPLETED FORMS ARE TO BE RETURNED TO BIOSAFETY SUBCOMMITTEE CHAIR,
ROOM 3-34.1.

If there aro any changes fo the information on these forms (exclucding grant titlo and funding
agenclos) a new form must be completed and sent to the Blosafely Subcommittea Chair BEEORE
Implementation of these changes ¢an oeour.

If multi-team grants are belng applied for, oach individual Investigator of the team must submit a
Biohazardous Agents Registry Fornt fo the Blosafoly Subcommittea Chair.

Containrent Levels will be reguired in acenrdanae with Health Canada (HC), aberatory fiosafety
Guidelines. 3 edition 2004, or Canadian Faad Inspeclion Ageney (CFIA), Containment Standargs for
Veterinary Fadiliies, 17 edilion 1985,

For quastions regarding this form, pleaso contact Blogatoty Subcommitioe Chair at ext, 34125

i.0 Conlact information

SRINCIPAL INVESTIGATOR: Dr. Susan Meakin___ e

g .
SIGNATURE: CA?A&’.-E.%‘%:::‘.-;.QJ.L/.;:L/_:‘{/_’&;.____,,, e

DATE.  May 3rd, 2007 e e

DEPARTMENT:  Cell Biology and Stem Call Biology, Dapt of Biochemistey
ADDRESRS:  Robarts Research Instilute Oftice 3360
FELEPHONE: §63-6777 axt 24304

EuIAll smeakiniobarlaen
Locaten of oerimantal work o be o IR RSN
Foalingen e gty Hasaarch st
Seornat g o i e Cultir s Focon

Forvoork hoing paformed atin shtutions affiliatod with the Robarls [rsearsh fstitofe ihe Safoly
Affions Fau the Institution where egperinents will take plicn mst aigu e form pricee P gl baingg st
to Bobarts Rosearsh listitule Riosafely Subsammiling Gliyie S Soation LY Anprovals

[ SAPRPRCI SR FTTAN | AR P TE VR EELES



GRANT T TLE(S) 1. Trieh Activaton of Autophagy in Human Neural Turors _
_%_ng ng%_lri%g?ERS:s 27?’*?pé?g‘s!‘lilﬁ%eeH?AE‘C;H“Q:%"EEP'S{!r ngl%nig and Ceflular Prolifaraton
g RS R date RIDA Reanor Attty e
5 Mesca, a Movel Sigraling Adapter that Regulates Meuroral Growth ana Function
5. Autophagy Induced Cell Death in Human Brain Tumors
ATTACH A BRIEF DESCRIPTION OF YOUR WORK, SUCH AS THE RESEARCH GRANT SUMMARY(S}

EXPLAINING THE BIORAZARD(S) USED.

FUNDING AGENCY/AGENCIES; _Cancer Research Scciety: Grants 1 and #2

_Krembil/ORDCF: Grant #3, NSERGC: Granl #4 CIHR; Granl i#5 {(Appliad), McConnell Foundation: Grant 46 (Apalisd)
Anticioated Grant End Data: | Aug 31, 2608 (ooth CRS grants), _Sept, 2012 (CIHR),_ March 2012 (NSERECY
Mames of all personnel werking under Prncipal Investigatar's supervision in this localion:

_Dr. James MasDonaid_(Res. ASSOC.)__ _Ms. Jennifer Forsyth (M.Sc. Student)

Mrs. Sara Leday_(Res. Tecn) _ Mr. Andrew Lu (Summer Student)

Dr Todd Fryene _(PUF) B M Jupinder Bains (Summer Student)

O Sandy Vascolte {POF) ... . e

_Mrs. Kim Brookes_(Ph.D. Student)

Mr. Chunhui Li_{Res. Tech), . .

Mg, Jannifar Garasimof_(M.Se. Sludert)__

Note @ A list of human pathogens calegerized accord ng o Risk Group can be oblained by calling the Cffice
of Laboralery Securily direclly al (313) 957-1779 or accessng lheir Wab site :
hllp ffassey phAC-ASPC.GC calols-bsl/index himl

——— —_—

2.0 Miﬁroorggnisms

2.1 Does your work involve the use of MICroorganisms? YES X No O
it NO g case proceed to Section 3.0

2.2 Plaase complete e table balow:
it et e I T T Maximum | Heal O s
! ‘ ) ) wim i Heal'h Canada
‘ g MIGro0Qanism | 3 Micreoganism IS Mugro0rganism ﬂu’mlil"l o i ;f CFJ;\
Marse ¢l 3 xnewn human | a xnown animal a knowr zgonolic | b ! Conlairment :
oy sooorganis o patbeger? natrogen? ! agenl? citurar at | e Layal
YESING YESINO YESING SR A
o o TESMO TN jeeelime? | (eeclonal
Mo ' ric ' M wems 0 1X |
~ B B Ao 4
‘ 10 X |
h MO i foo i | '
. BN (R SRS
10 20
L0 ;

- S i a i

AN Sy A G Dy LGy TR

Dose o sl U, o 2 el i

o



YES X

No O

R |

Supelier of Pnmary Cet Culive
Tissue

tie derved from frash tissue

Completa the following lab:e.

Sf&‘ Insect C@Ils HEK 2937, cofticat, neurospheres, hlppocampal motonmirons nnes,
———-=tadittolsastonTa; giiomas] NAT0 Fols BRI AT E N A -4

3.4 Call Cullurg
3.1 Daes your work involve [he use of cel: cultiras?
If NO. seasa orscead o Section 4.0.

3.2 Please ndicate in (he lable below the type oi calls hal will be grown 1 culture.

f# T s this cell type used | -
Ceil Type N your work”? Established or Frimary *

| YESINO -
‘i Humar Yeas £stablished {see below)
: Redent vas Both {Sae Below)
~ Norhuman T o
. yrimate Yes Cos 7 celig (establisbed) |
' Olner (specily)

T o , = TG of GFIA Containmont Level
**#_?-pecmc lei Line Source ljuppller (selectone)
L s PC12 __Inhouse IQ__iX 3 O_
Medutloblastoma, Gliomds i house, ATCC 1 O 2 X 30
e~ HEK G097 ————fn-house ATCG—
10 2 X 3 0
4.0 Usa of Human Source Materials
4.1 Dees your work invalve the use of human scurce maleriais? YES O NO X
i NO, please procead lo Seclion 5.0
4.2 Indicate in the table nelow the Human Source Mataiial to be used.
r” B T “[Ts Human Sourca | B
| o oo 0 or o
i Human Sourcg Specify Sourca, or With an Name of Infectious Containment
| Matarial Not Applicable (NA) infectious Ageni Lavel
% agent? {select one)
I D o _YES/INO [ VOV
‘H;_.!mlan Bﬁocﬂ ‘ 1Q 20
C{whole; or aiher \ !
Sewyfue L [ R RN S AU
o hagm 3 { X
| bgman Enl(,m? : | ! 0 0
;ifractonoro ‘her ; .
3oy Flud _ | ‘ i 30
"r*vr'n'ran [ 1;)» T o r ' 0 20
SIS N !
. . 30
10 20
§ 50
RN SR \.-\L\ NISR 3 ) T ERUER:
(UEREE :\u_.l Rl b coepiete iy P et o 3ot



Yo
=

Ll

5.2

5.4

5.5

5.6

Gangtically Modified Organisis and Call lines

‘Will genelic modifications be made {o the srganism, virus of cell ine?  YES X NO O
A NO, pirasa procesd to Seclicn 6.0

Wil genetic sequences from any of tne ‘clowing be invoved?
v HIV vgs O NO X

"YYES, specify: _

s HTLV Tor2 ves O NO X
If YES, specify: . . L
¢  O'her human or animal pathoger andjor their toxirs YES X NO O

f YES, specify: Lentiviral vectors_

Wil inlact gerelic sequences be used from:

+ SV 40 Large T antigen YES X No O
v Adeno E1A ves O NO X
v Known or suspected orcogenes  YES O No O X

HEYES, specify: _In all mammalian expression veclors, O, o
Wiil a live vector(s) {viral or bacterial) be used for gene transduction? YES X NO O
1{ YES, name vector: pCMX, pEGFP, pGex, pTanTag, pCAL, pAdEasy, | L

List specific vector(s) to be used: Adenoviral, Lentivical (Invitrogen), pBPX (insect) .

will veclor be replication defective? ves X NO O
WAl vector be infectious to humans of arimals? YES X No O
Wilt this e exnecled lo incraase the Tontainment Lovel raquired? YES X No O

Human Gene Therapy Trials

Wl numan cinicas tials asing the vaclor(s}in 5 5 be conducled? ves O NO X
If NO. piaase procesil 1o Section 7.0
IFYES. altach a full description of the make-up of the virus.

Wt vactor be agie o rsclicate i he 5307 ves O No O

Fow vl the vaatsr oo administerac? i [,

Plaase give the Heaitn Cais 7 acility wee 2 e clineal sl oe tondusise

et e TerE T T S e L S == - e -
3

s, A TR




72

7.3

7.4

Animal Experinonts

Hill any of the agents | sled o2 used nlive s~ imals”? ves O NO X
“NO. please praceed to secton 8.0

Name of amma! 308cies to be usad. o o -

AL S orotccol # - e

' asing murine cel lines have they beer tested for muring pathogers?  YES O No O

Use of Animal speciss with Zoconotic Hazards

Will any of the fellowing animals or their orgars, tissues, favages or cther bodily flaigs including
blood oo used?

v Pound source dogs Yes O NO X
+  Pound source cats YEs O NO X
s Sheep or goals vEs O NO X
+  Mon- Human Primates ves O NG X

If YES specify spacies __

v Wild caught animais ves O NO X

I YES specify species e e .

Biologicat Toxins

Will toxins of biclogical origin ba used? Yes O NO X
If NO, please proceed to Section 10,0
I YES, please nama tha toxin e o

What is the LDy (specify species) of \he loxin? .

hnport Reguirements

Wit the agent be imported? YE§ X MO

[t NO, please sroceed to Sectica 11.0

HYES, counlry of orgn_ o o . o L
a3 an Ireport Pacmit besr eblaired from ~C for uman vattegans? - YES X no O
~ 15 an imeor pervit 2een ShLAINeS o CF el foo areral salhegers? YES X 0 O
sy e amport sami 2aer a1l o Bosafaty submemiliee Chair 7 YES X Mo O
YRS Papnc PN forwanstyrat 2W3es s L
2R NIV PAGE &

vy

oot e s o Lo Noseworte, . Rim ok

P




1.0 Trair.ng Requirements for Personrel Named on form

Afl personnel narmad 2 seclion 1.9 of dis fonm wie wiil be us ng ary of b2 above namad azents are
caqulrad to allend e following ralcirg courses givan by OH&S

v Biosafaly
»  Laboratory ard Envirsomeraidaste Managerient Safely
v OWHMIS

A3 [he Principal lnvastigaler, | "ave ensurad hal all of the personral named on the form who will be
Jsing any of the bishazardous agenris in Seclions 2 0 to 10.0 have been trained as ~aquired

SIGNATURE %Qféwful'fz?/uwﬁ-. U

Containment Lavals

—n
(o=
o

Far the work described in sectiors 2.0 to 10.0 selest the highest HC or CFIA Containmeanl

Lavel required. 10 2X 30
With Lentiviral work oparationally handled with level 3 practices

_.
>
=

12.2  Has Ihe facility beer cerlified by Biosafely Subcommaltee Chair for s level of coniairment?

YES X No O
If YES, giva date’ ;&W%ﬁ&,_}??,&%_z&_ and permil rumber. % f)%l_" - C)ﬁ'{}éjj[{é)_
gébzz

130 Approvals

Robarts Research tnstitute
77

Biosafaty Officer for the Institution where experiments will take place

. Dale .%@y 23 G

Signature

Date__

Signalure . -

Biosafety Officer of Robarts Research [nstitute {if different han above)

Sgnature___ e Dale

. . ) o~ 2 _
Note: This parmis w4 ba in effect from 7/_\.{(&_“ 2 _'_{ Zo0 ¢ o fhhd
d

suogast o arrual acaly e reriteatan,
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5us Mi-erial:  recsmbicant adenovisus gercor-madiiated nnlrotropnin-?

s cacaotor JAa-lorl
e
s3> Rasoaranar: L7, 3u3an Meadn

R

Nancy McCreery wrote:

Hi fennifer - Dr. Meakin is planning on sending the below materials off campus.

pACT2-SheB : DNA #1042
pGEX4T2-SheB : DNA #1293
pGLEX4T2-8heB SH2 : DNA # 1427
pGEX4T2-SheB PTB : DNA #1425
pRKS-SheB : DNA # 1268

Nancy



