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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 biological agents 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).
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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.

Please ensure that all questions are fully and clearly answered. Failure to do so will lead to the form being
returned, which will cause delays in your approval and frustration for you and your colleagues on the Committee.

If you are re-submitting this form as requested by the Biohazards Subcommittee, please make
modifications to the form in bold print, highlighted in yellow. Please re-submit forms electronically.
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Please explain how the biological agents are used in your project and how they are stored and
disposed of. The BARF without this description will not be reviewed.

the cells are stored in a liquid nitrogen tank. the virus is stored in a -80 freezer. All are thawed and used
entirely in our level 2 hood in our tissue culture facility in room DCSI 0068A. These are disposed of via
autoclaving in a biohazard bag in the DSB autoclave located in room DSCI DSCI0032A, labeled and

disposed in garbage.
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Please include a ONE page research summary or teaching protocol in lay terms.
Forms with summaries more than one page will not be reviewed.

Our long-term objective is to uncover new treatments for fibrotic disease.

We want to study the effect of adhesive proteins such as CTGF/CCN2 to fibrosis and tissue repair. The
cells we use are fibroblasts which are the cell type that is essential for fibrosis and tissue repair. The
cells we use are derived from mice (adults) or mouse embryos and humans. We look at how the cells
respond to various treatments with the goal of figuring out which chemicals might be used to block the
fibrotic activity of our cells.
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1.0 Microorganisms

LINO
(non-pathogenic and pathogenic biological agents 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

1.1 Does your work involve the use of biological agents? [ ] YES

Do you use microorganisms that require a permit from the CFIA?  [] 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:

Full Scientific Is it known | Is it known | Is it known | Maximum Source/ PHAC or CFIA

Name of to be a to be an to be a quantity to be | Supplier Containment

Biological human animal zoonotic cultured at Level

Agent(s)* pathogen? | pathogen? | agent? one time? (in

(Be specific) YES/NO YES/NO YES/NO Litres)

DHS alpha [] Yes [] Yes [] Yes 1 invitrogen X1 []2
No X No No []2+ [] 3
[]Yes |[[] Yes L] Yes 11 [2
[ ] No ] No [] No [J2+ []3
[ ] Yes L] Yes [ ] Yes []1 []2
[ ] No [ ] No ] No []2+ []3
[] Yes [ ] Yes [] Yes (11 [2
[ ] No [] No (] No [12+ [] 3
[] Yes [ ] Yes [ ] Yes (11 [ 2
] No ] No ] No 2+ []3
L] Yes [ ] Yes [ ] Yes (11 2
] No [] No [] No (J2+ [] 3
L] Yes |[] Yes [] Yes L1 2
] No ] No [] No [(J2+ [] 3
[] Yes [] Yes [ ] Yes 11 [ 2
] No [] No ] No (J2+ [] 3

*Please attach a Material Safety Data Sheet or equivalent from the supplier if the bacterium used is not on this link:
http://www.uwo.ca/humanresources/docandform/docs/ohs/CFIA Ecoli_list.pdf

Additional Comments:
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2.0 Cell Culture

2.1 Does your work involve the use of cell cultures? X YES [ ] 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 [lYes [INo Not applicable

Rodent X]Yes [ |No skin, lung 2010-253

Non-human primate [ JYes []No

Other (specify) [ Jyes [ INo

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

Cell Type Is this cell type Specific cell line(s)* | Containment Level | Supplier / Source
used in your work? of each cell line of cell line(s)

Human Yes [ _|No | foreskin fibroblast |1 ATCC

Rodent X Yes [ |No |NIH 3t3,B16 1 ATCC

Non-human primate | [] T

Other (specify) []

*Please attach a Material Sq re information, see www.atcc.org)

squired [X]1 [J]2 [J2+[]3

2.4 For above named cell {

Additional Comments:

3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? []YES <] NO
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 {Company Name | Material Infected Infectious Containment
With An Infectious Agent (If Level (Select
Agent? applicable) one)
YES/UNKNOWN

Human Blood (whole) or Yes Lt 2

other Body Fluid E Unknown [+ []3

Human Blood (fraction) Yes [T []2

or other Body Fluid [ ] Unknown [ ]2+ []3

Human Organs or []Yes (T 2

Tissues (unpreserved) [ ] Unknown [(J2+ []3

?iz?uaens%?;snesr\?; d) Not Applicable Not Applicable

Additional Comments:
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4.0 Genetically Modified Organisms and Cell lines

4.1 Will genetic modifications be made to the microorganisms, biological agents, or cells described in Sections

1.0 and 2.0? X YES [] NO If NO, please proceed to Section 5.0
4.2 Will genetic modification(s) involving plasmids be done? [_] YES, complete table below <] NO
Bacteria Plasmid(s) ** | Source of | Gene Will there be a | Will there be a What are the
Used for Plasmid Transformed | change dueto | change in the consequences
Cloning * or transformation | pathogenicity of the | due to the
Transfected of the bacteria after the transformation
bacteria? genetic of the
modification? bacteria?

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

** Please attach a plasmid map.

***No Material Safety Data Sheet is required for the following strains of E. coli:
http://www.uwo.ca/humanresources/docandform/docs/ohs/CFIA Ecoli_list.pdf

4.3 Will genetic modification(s) of bacteria and/or cells involving viral vectors be made?

[X] YES, complete table below [ I]NO
Virus Used for Vector(s) * Source of Vector | Gene(s) Describe the change
Vector Transduced that results from
Construction transduction
sc-108080 sc-39329-V Santa Cruz shRNA CTGF Proliferation is
suppressed
sc-108080 Santa Cruz empty
none
* Please attach a Material Safety Data Sheet or equivalent.
4.3.1 Will virus be replication defective? X YES CINO
4.3.2 Will virus be infectious to humans or animals? [] YES NO
4.3.3 Will this be expected to increase the containment level required? [_] YES X] NO
5.0 Will genetic sequences from the following be involved?
¢ HIV X NO [] YES, specify
¢ HTLV 1 or 2 or genes from any Level 1 or Level 2 pathogens [X] NO [ ] YES, specify
¢ SV 40 Large T antigen DX NO[ ] YES
¢ E1A oncogene XINO[] YES
¢ Known oncogenes X] NO [] YES, specify
¢ Other human or animal pathogen and or their toxins [ ] NO [_] YES, specify

5.1 Is any work being conducted with prions or prion sequences? NO[ ] YES

Additional Comments:
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6.0 Human Gene Therapy Trials

6.1 Will human clinical trials be conducted involving a biological agent? [ YES e

(including but not limited to microorganisms, viruses, prions, parasites or pathogens of plant or animal origin)
If no, please proceed to Section 6.0

6.2 If YES, please specify which biclogical agent will be used:
Please attach a full description of the biological agent.

6.3 Will the biological agent be able to replicate in the host? []YES [INO
6.4 How will the biclogical agent be administered?

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

6.6 Has human ethics approval been obtained? [_] YES, number: [ JNO [ ] PENDING
7.0 Animal Experiments

7.1 Will live animals be used? 4 YES [ ]NO If NO, please proceed to section 7.0
7.2 Name of animal species to be used mouse

7.3 AUS protocol # 2010-053; 2009-097

7.4 Will any of the agents listed in section 4.0 be used in live animals
<] NO [ ] YES, specify:

7.5 Will the agent(s) be shed by the animal:
C]YES NO, please justify:

8.0 Use of Animal species with Zoonotic Hazards

8.1 Wilt any animals with zoonotic hazards or their organs, tissues, lavages or other body fluids including blood
be used (see list below)? [ ]YES [<] NO - if NO, please proceed to section 8.0

8.2 Will live animals be used? [ ] YES [(INO

8.3 If YES, please specify the animal(s) used:

¢ Pound source dogs []YES [ INO
¢ Pound source cats [ ]YES [ INO
¢ Cattle, sheep orgoats  [_] YES, species LINO
¢+ Non-human primates [ ] YES, species CINO
+ Wild caught animals [ ] YES, species & colony # [ ]NO
+ Birds [] YES, species [ ]NO
¢ Others (wild or domestic) [ ] YES, specify [INO

8.4 If no live animals are used, please specify the source of the specimens:
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9.0 Biological Toxins and Hormones

9.1 Will toxins or hormones of biological origin be used? [ ] YES X NO If no, please proceed to
Section 9.0

9.2 If YES, please name the toxin(s) or hormones(s)
Please attach information, such as a Material Safety Data Sheet, for the toxin(s) used.

9.3 What is the LDs, (specify species) of the toxin or hormone
9.4 How much of the toxin or hormone is handled at one time*?
9.5 How much of the toxin or hormone is stored*?

9.6 Will any biological toxins or hormones be used in live animals? [_] YES [ ]NO
If YES, Please provide details:

*For information on biosecurity requirements, please see:
http://www.uwo.ca/humanresources/docandform/docs/healthandsafety/biosafety/Biosecurity Requirements.pdf

Additional Comments:

10.0 Insects

10.1 Do you use insects? [ ]YES NO - If NO, please proceed to Section 10.0
10.2 If YES, please give the name of the species.

10.3 What is the origin of the insect?

10.4 What is the life stage of the insect?

10.5What is your intention? [ ] Initiate and maintain colony, give location:
[] “One-time” use, give location:

10.6 Please describe the risk (if any) of escape and how this will be mitigated:

10.7 Do you use insects that require a permit from the CFIA permit? [ ] YES [ | NO
If YES, Please attach the CFIA permit & describe any CFIA permit conditions:
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11.0 Plants

11.1 Do you use plants? [ | YES [X] NO - If NO, please proceed to Section 11.0
11.2 If YES, please give the name of the species.

11.3  What is the origin of the plant?

11.4 What is the form of the plant (seed, seedling, plant, tree...)?

11.5  What is your intention? [ ] Grow and maintain a crop [ ] “One-time” use

11.6 Do you do any modifications to the plant? [ ] YES [ ]NO
If yes, please describe:

11.7 Please describe the risk (if any) of loss of the material from the lab and how this will be mitigated:

11.8 Is the CFIA permit attached? [ ] YES []NO
If YES, Please attach the CFIA permit & describe any CFIA permit conditions:

12.0 Import Requirements

12.1 Will any of the above agents be imported? [_| YES, country of origin X] NO

If NO, please proceed to Section 12.0

12.2 Has an Import Permit been obtained from HC for human pathogens? [ ]YES [INO
12.3 Has an import permit been obtained from CFIA for animal or plant pathogens? [ ] YES [ ]NO
12.4 Has the import permit been sent to OHS? [ ] YES, please provide permit # [ INO

13.0 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 biological agents in Sections 1.0 to 9.0 have been trained.

An X in the check box indicates you agree with the above statement... [X]
Enter Your Name Andrew Leask  Dafe: August, 28, 2011
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14.0 Containment Levels

14.1 For the work described in sections 1.0 to 9.0, please indicate the highest
HC or CFIA Containment Level required. (11 X2 [J2+ []3

14.2 Has the facility been certified by OHS for this level of containment?
[X] YES, location and date of most recent biosafety inspection: 11/15/2010
[ ] NO, please certify
[ ] NOT REQUIRED for Level 1 containment

14.3 Please indicate permit number (not applicable for first time applicants). BIO-UWO0-0218
15.0 Procedures to be Followed

15.1  Are additional risk reduction measures necessary beyond containment level 1, 2, 2+ or 3 measures that
are unique to these agents? [ ]YES X NO
If YES please describe:

15.2 Please outline what will be done if there is an exposure to the biological agents listed such as a
needlestick injury or an accidental splash:
Post-Exposure Treatment:

. Skin exposure / Percutaneous: Wash affected area and apply antiseptic (3% H202), report to the
Health Center.

. Mucous membrane exposure (splash to eye): flush eyes for 15 minutes using eyewash, then report to
Health Center.

. Ingestion: Report to the Health Center.

15.3 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.shs.uwo.ca/workplace/newposition.htm

An X in the check box indicates you agree with the above statement... [<
Enter Your Name Andrew Leask  Date. August, 28, 2011

15.4  Additional Comments:

16.0 Approvals

1) UWO Biohazards Subcommittee: SIGNATURE:
Date:

2) Safety Officer for the University of Western Ontario
SIGNATURE:
Date:

3) Safety Officer for Institution where experiments will take place (if not UWO):
SIGNATURE:
Date:
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Approval Number: Expiry Date (3 years from Approval);

Special Conditions of Approval;
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Abstract For anti-tumor therapy different strategies have
been employed, e.g., radiotherapy, chemotherapy, or
immunotherapy. Notably, these approaches do not only
address the tumor cells themselves, but also the tumor
stroma cells, e.g., endothelial cells, fibroblasts, and mac-
rophages. This is of advantage, since these cells actively
contribute to the proliferative and invasive behavior of the
tumor cells via secretion of growth factors, angiogenic
factors, cytokines, and proteolytic enzymes. In addition,
tumor stroma cells take part in immune evasion mecha-
nisms of cancer. Thus, approaches targeting the tumor
stroma attract increasing attention as anti-cancer therapy.
Several molecules including growth factors (e.g., VEGF,
CTGF), growth factor receptors (CP105, VEGFRs),
adhesion molecules (xvf3 integrin), and enzymes (CAIX,
FAPx, MMPs, PSMA, uPA) are_induced or uEregulated in

—the tumor microenvironment which are otherwise charac-

terized by a restricted expression pattern in differentiated
fissues. Consequently, these molecules can be targeted by

inhibitors as welt as-by-active-and-passtve-immumotherapy

10 Treat camcer. Here we discuss the results of these ap-
proaches tested in preclinical models and clinical trials.

Keywords Angiogenesis - Endothelial cells -
Extra-cellular matrix - Fibroblasts - Invasion - Therapy

Abbreviations
CAIX Carbonic anhydrase IX
CAF Cancer-associated fibroblast

V. Hofmeister - D. Schrama - J. C. Becker (&)
Department of Dermatology, Julius-Maximilians-University
of Wuerzburg, Josef-Schneider-Str. 2,

97080 Wuerzburg, Germany

e-mail: Becker_JC @klinik.uni-wuerzburg.de

CTGF Connective tissue growth factor

DPPIV Dipeptidyl peptidase IV

ECM Extra-cellular matrix

FAP« Fibroblast activation protein x

MHC Major histocompatibility complex

MMP Matrix metalloproteinase

(N)SCL(C) (Non) small cell lung (cancer)

PAGRIT Pretargeted antibody guided
radioimmunotherapy

PSMA Prostate-specific membrane antigen

SIP Small immunoprotein format

TAM Tumor-associated macrophage

TEC Tumor endothelial cell

TEM Tumor endothelial marker

TIMP Tissue inhibitor of metalloproteinases

uPA(R) Urokinase plasminogen activator (receptor)

VEGF(R) Vascular endohelial growth factor (receptor)

Introduction

The development and progression of cancer depends on
genetic and epigenetic alterations in the transformed cells.
However, many steps in cancerogenesis, e.g., proliferation,
invasion, angiogenesis, and metastasis are promoted by
microenvironmental factors such as growth factors and
proteolytic enzymes produced by stromal cells (Fig. [).
Indeed, the reciprocal interactions between tumor and
tumor stroma cells, i.e., cancer-associated fibroblasts
(CAFs), tumor endothelial cells (TECs), and tumor-asso-
ciated macrophages (TAMs), result in tumor progression.
CAFs are reactive fibroblasts with a distinctive phenotype
as compared to quiescent fibroblasts in differentiated adult

@ Springer
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Fig. I Influence of the tumor microenvironment on tumor develop-
ment. Tumor stromal ¢ells, ¢.g., cancer associated fibroblasts (CAFs),
tumor endothelial cells (TECs), and tumor-associated macrophages
(TAMs) express growth factors sustaining tumor growth, angiogenic
factors promoting angiogenesis, and proteolytic enzymes catalyzing
the degradation of the ECM facilitating tumor cell invasion and
finally metastasis. Tumor cells are depicted in brown, CAFs in
orange, TECs in red, and TAMs in yellow

tissue. They are present in the close vicinity of tumor cells
and enhance tumor growth by secreting growth factors such
as transforming growth factor f§ (TGF-f), matrix degrading
enzymes, e.g., matrix metalloproteinases (MMPs), and
angiogenic factors, like vascular endothelial growth factor
(VEGF). TECs also support the neoplastic cells by pro-
duction of growth factors, but more importantly they are
mandatory for tumor hem- and Iymphangiogenesis. TAMs
represent a major component of the leukocyte infiltrate in
solid tumors. They secrete both growth factors and prote-
olytic enzymes, moreover, they generate an immune priv-
ileged state of the tumor microenvironment. Thus, both
tumor stromal cells and their products are promising targets
for cancer therapy.

Tumor stroma cells differ from their normal counter-
parts by upregulation or induction of various molecules
(Table 1). Their upregulation is selective for the tumor
microenvironment and occurs in a broad spectrum of solid
tumors. Corresponding to the various interactions of tumor
and stroma cells anti-stromal therapies fall into different
categories. To date primarily molecules contributing to
angiogenesis, e.g., vascular endothelial growth factor
{(VEGF) and its receptors have been targeted. Moreover,
proteins involved in remodeling of the extra-cellular matrix
(ECM) (e.g., MMPs, uPA/PAR system) have been silenced
or functionally inhibited. However, due to redundancy of

@ Springer

signals the inhibition of one factor or even a group of
molecules is often not sufficient to significantly influence
tumor growth and progression. Therefore, alternative
strategies aim at modulating the tumor microenvironment
by eliminating the stromai cells, e.g., by antibodies or by
cytotoxic effector cells. Besides targeting stroma cells
immunotherapeutically [41], new strategies are currently in
preclinical or clinical testing. In the following sections we
describe a selection of these approaches for the treatment
of cancer (Table 2).

Strategies to prevent tumor angiogenesis

Angiogenesis, the development of new blood vessels, plays
a central role in the pathogenesis of cancer. It is crucial for
maintaining the supply of oxygen and nutrients and the
removal of waste products to support tumor growth beyond
a few mm’® (Fig. 1), Consequently, TECs play a major role
in tumor progression. Their growth is sustained by auto-
crine and paracrine secretion of growth factors by stroma
and tumor cells, respectively. It should be further noted,
that TECs are essential to maintain the oncogenic pheno-
type of tumor cells by production of several soluble factors.
Consequently, growth and angiogenic factors, e.g., VEGF
or TGF-f, and their receptors as well as TECs themselves
have been targeted for cancer therapy (Fig. 2).

The potent pro-angiogenic growth factor VEGF and its
tyrosine kinase receptors VEGFR-1 (Flt-1) and VEGFR-2
{(KDR/Flk-1} play a fundamental role in tumor vessel
formation. VEGF is abundantly expressed in most tumors
due to hypoxic conditions, acidic pH, hypoglycemia and
several inducing cytokines, as well as genetic and epi-
genetic changes in tumor cells. Its expression, however, is
not restricted to the tumor cells. VEGF is also expressed
in CAFs, TECs, TAMs, and the inflammatory infiltrate
(Table 1). Its expression is associated with increased
angiogenesis, tumor growth, invasion, metastasis, and a
greater risk of recurrence. Hypoxia and increased VEGF
levels enhance expression of VEGFR-1 and VEGFR-2 on
the vascular endothelium of the tumor, but both receptors
are also expressed on tumor cells such as melanoma,
thyroid, ovarian, breast carcinoma or cutaneous T cell
lymphoma. In consequence, several VEGF- and VEGFR-
antagonists have been developed and several of these
inhibitors have already entered the clinic (Table 2;
Fig. 2a).

In this regard the most advanced therapy consists of the
recombinant humanized anti-VEGF mab Bevacizumab. Tt
neutralizes VEGF, thereby blocking signal transduction
mediated by YVEGFR-1 and -2. Indeed, more then 200
clinical studies with Bevacizumab are currently being
initiated or in progress (hitp://www.clinicaltrials.gov).
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Bevacizumab significantly inhibits growth of different tu-
mor types (e.g., colorectal, renal cell, NSCL cancer) al-
ready as single-agent therapy, which can be additively or
synergistically enhanced by chemo- or radiotherapy [42,
[07]. Hence, a combined regimen has been approved by
the FDA [46]. Alternatively VEGF signaling may also be
inhibited by receptor-specific antibodies. Anti-VEGFR-2
antibodies act synergistically with chemo- or radiation
therapy [48, 55]. The growth of established human tumor
xenografts of different origin was inhibited due to de-
creased angiogenesis, reduced tumor cell proliferation and
enhanced tumor cell apoptosis by treatment with antibod-
ies. The VEGFR-2 antibody IMC-1C11 is currently being
tested in clinical studies [81]. Soluble receptors intercept
the growth factor before it can bind to the cell surface
receptor. To this end, an adenoviral vector encoding the
extra-cellular domain of VEGEFR-1 showed promising
activity in different tumor models and a reduction of vas-
cular density was also reached by soluble VEGFR-2 [53,
01]. A soluble receptor comprising portions of VEGFR-1
and -2 demonstrated an even higher efficacy [21]. Another
approach to reduce VEGF level in vivo has been tested in
cornteal neovascularization but may be used in anti-tumor
therapy as well; transfection with plasmids encoding
VEGFR-1 coupled with an endoplasmatic retention signal
reduced injury-induced VEGF secretion [96]. Other
approaches investigated include VEGF antisense oligonu-
cleotides or ribozymes. In this regard, VEGFR-1 ribo-
zymes were well tolerated in patients and objective tumor
responses were reached in combination with carboplatin
and paclitaxel [49].

An endothelial cell surface molecule of particular
interest for vascular targeting is CDI105 (endoglin), a
95 kDa cell surface protein expressed as a homodimer.
CD105 functions as an accessory protein for kinase
receptor complexes of the TGF-§ superfamily and modu-
lates TGF-f§ signaling, i.e., it antagonizes the inhibitory
effects of TGF-$1, e.g., the suppression of growth,
migration and capillary tube formation. In addition, CD105
has anti-apoptotic effects under hypoxic conditions.
CD105 expression is not restricted to TECs (Table 1),
However, only on TECs CD105 is expressed in significant
amounts. CD1035 is upregulated by TGF-f2 and hypoxia.
Its expression has been described for a multitude of solid
tumors (Table 1). Expression of CD105 is correlated with
vascular density and poor prognosis. These properties
render CD105 an attractive target for therapeutic inter-
ventions (Table 2; Fig. 2a). In preclinical studies, CD103-
specific antibodies—either alone or conjugated with
different effector molecules—react only weakly or not at
all with quiescent endothelium but specifically bind to
proliferating endothelial cells during tumor angiogenesis
[31]. Correspondingly, side effects were low [68]. To test

NCTO00087022
{19, 20] NCTO0003102,

NCTO0142415

(57]
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Preclinical
Preclinical

Clinical (phase III)
Clinical (phase I/IT}
Clinical (phase I)

State

Induced apoptosis of FAPx positive cells Preclinical
expressing cells

Mechanism of action
Inhibition of activity
Recruitment of T cells to CAIX

Coagulation

ADCC

lymphocytes expressing a single-chain

chain anti-FAPx antibody
antibody directed to CAIX

protein
Radioactive labeled anti CAIX antibody Radioimmunotherapy

Human tissue factor fused with a single
FAP« single chain antibody FasL fusion

Adoptive transfer of autologous T

Structure
Sulfonamides
Antibody

expressing

cells

CAIX (and
CAXII)

Target
FAPu
FAPx
ATX
CAIX
CAIX

Inl11, ¢G250-Lul77

A selection of cancer therapeutica targeting the tumor stroma in clinical or preclinical development is listed with their names, the substance class, their mechanism of action, and their current

Table 2 continued
Substance

s¢40-FasL

CAIX (MN, G250)
Rencarex WX-G250
cG250-1311, ¢cG250-
state of development
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Fig. 2 Targeting endothelial
cells for anti cancer therapy. A
variety of proteins are targeted
to prevent angiogenesis. a The
function of molecules expressed
on endothelial cells, e.g.,
VEGFRs, PSMA, TEMS, and
CD105 is inhibited either
directly by inhibitors and
antibodies or alternatively their
expression is prevented by
ribozymes. In addition, they are
exploited to eliminate tumor
endothelial cells, e.g., by
bispecific antibodies or specific
expression or accumulation of
toxins at endothelial cells. b
CTGF is targeted by siRNA,
inhibitors or antibodies. xvf3
integrin expression is prevented
by siRNA, its function is
inhibited by antibodies, and
effector molecules are targeted
to xvf3 integrin positive cells
using inhibitors binding to xvf3
integrin. Expression/secretion of
target molecules is indicated by
green arrows, binding to
receptors by brown arrows, and
their effects by black arrows.
Therapeutical substances are
depicted in red and their effects
by blue arrows

the effect of CD105-specific antibodies on human blood
vessels, chimeric vasculature of human and murine origin
was generated by transplantation of human foreskin onto
immunodeficient mice: The growth of tumors induced in
these tissues is reduced by anti-CD105 antibodies [99].
Recently, the safety of a humanized anti-CD105-antibody
has been demonstrated in a primate model [95]. Lysis of
endothelial cells is also achieved by retargeting CTL to
CD105-positive cells by means of CD3/CD105-bispecific
single-chain diabodies in vitro [54].

Prostate-specific membrane antigen (PSMA) is a
110 kDa glycoprotein with glatamate carboxypeptidase
activity. PSMA is the prototype cell surface marker of
prostate cancer as it is expressed on malignant prostate
cancer cells. In addition, PSMA is expressed on some
normal tissues (Table 1). Nevertheless, it has been widely
used as therapeutic target in preclinical prostate cancer
models [29, 37, 66]. PSMA is also abundantly expressed on
TECs of many solid tumors (Table 1). Thus, targeting
PSMA seems to be a feasible therapeutic optien for
different kinds of tumors apart from prostate carcinoma
(Table 2; Fig. 2a). Currently, the fully human anti-PSMA
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antibody MDX-070 is tested in phase II trial for prostate
cancer (Medarex).! While PSMA-specific antibodies alone
often did not inhibit tumor growth, immunotoxins signifi-
cantly delayed tumor progression in preclinical models
[37]. A single-chain antibody fused to Pseudomonas exo-
toxin A specifically binds to PSMA-positive prostate can-
cer cells and reduces their viability {103]. Auristatin
conjugated to a human monocional antibody to PSMA
enhanced survival in a murine xenograft prostate model
[66]. Furthermore, in clinical studies PSMA-specific anti-
bodies labeled with radioactive isotopes induced objective
responses [71]. Similarly, docetaxel is targeted to PSMA
expressing cells by nanoparticle-aptamer bioconjugates
which exhibited anticancer efficiency in a xenograft model
[29].

TEMS (ATR = the anthrax-toxin-receptor) i1s a trans-
membrane receptor belonging to the tumor endothelial
markers (TEMs). It binds to the collagen subunit «3 (VI)
but its cellular function is still unknown. TEMS is strongly

U httpe/itibrary.corporate-ir.net/1ibrary/63/6 39/6395 2/Alems/ | 76389/
6_MEDX!120905_Nicholl.pdf.
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expressed on vascular endothelial cells during embryo- and
carcinogenesis. Its expression on endothelial cells is asso-
ciated with enhanced cell-matrix-interaction and migra-
tion. TEMS& protein has been found on TECs of different
cancer types but also on cancer cells themselves (Table 1).
Recently, TEM8 mRNA has been detected in a cell pop-
ulation, coexpressing DC and endothelial markers, capable
of generating functional blood vessels; thus, indicating that
TEMS has a function during vasculogenesis [25]. Since
TEMS functions as a docking protein for the Bacillus an-
thracis toxin, its upregulation on tumor endothelial cells
has been exploited to target anthrax toxin to tumor endo-
thelial and tumor cells [15] (Table 2). Fusion proteins that
have been designed to allow the active toxin to be released
by cleavage by metalloproteinases which are present in the
tumor microenvironment, have demonstrated therapeutic
activity, thereby illustrating the feasibility of an anti-TEM8
therapy (Fig. 2a) [62].

The connective tissue growth factor (CTGF, CCN2) is a
38 kDa extra-cellular matricellular protein that belongs to
the CCN cysteine-rich family of proteins. CTGF has mul-
tiple functions. It interacts with integrin receptors, includ-
ing %vf@3, and several growth factors, e.g., TGF-§. In
addition, it serves as biostore for angiogenic factors such as
VEGF. The VEGF signaling can be restored by cleavage of
CTGF by MMP. CTGF is upregulated by estrogen, TGF-3,
EGF (epidermal growth factor), PDGF (platelet-derived
growth factor), VEGF and hypoxia, for example. CTGF
modulates cell adhesion, migration, proliferation, chemo-
taxis, apoptosis, ECM deposition, and angiogenesis and is
important in reproduction, embryonic development, wound
repair, inflammation, fibrosis disorders, and tumorigenesis.
CTGF expression levels are elevated in a multitude of
cancers where it is produced by several types of stromal
cells including TECs, vascular smooth muscle cells, and
CAFs, and can also be expressed in cancer cells (Table 1).
This over-expression correlates with tumor stage and/or
prognosis [105, 106]. Moreover, addition of CTGF to the
medium increases proliferation and invasiveness of pan-
creatic cancer cells in vitro [5]. Nevertheless in some
cancers such as esophageal, NSCL, and colorectal carci-
noma high CTGF expression has been associated with
improved survival, reduced angiogenesis, and metastasis.
To this end, transfection of lung adenocarcinoma cell lines
with CTGF-over-expressing vectors reduced VEGF
expression, microvessel density, tumor growth, and
metastasis in xenograft models [23]). As CTGF frequently
is upregulated in fibrosis, CTGF mainly has been targeted
in fibrotic diseases [60]. However, these approaches may
also be effective in cancer. A CTGF-specific antibody, FG-
3019, is currently being tested in a preclinical pancreatic
cancer model (FibroGen, Fig. 2b), where it decreases
tumor growth, metastasis, as well as angiogenesis and

enhances the therapeutic effect of gemcitabine [3, 27].
Alternatively, stabilization of CTGF mRNA induced by
VEGF can be inhibited by the angiogenesis inhibitor DN-
9693 (Table 2) [51].

On TECs several integrins, e.g., avf3 and x581, are
upregulated, These ceil surface adhesion molecules are
involved in cell growth, migration, tumor invasion, pro-
liferation, metastasis, angiogenesis, and survival. The in-
tegrin 2%vf3, is minimally expressed in mature vasculature
and found on new blood vessels as well as the surface of
many solid tumors (Table 1). Its expression is associated
with an aggressive tumor phenotype. In consequence, it
represents a target for anti-cancer therapy (Table 2;
Fig. 2b). Several antagonists, including antibodies, Arg—
Gly—Asp (RGD) peptides, and recombinant proteins induce
tumor regression by reduction of angiogenesis and en-
hanced apoptosis of TEC [6, 84). The RGD peptide cil-
engitide, for example, is tested in several clinical phase II
studies for the treatment of glioblastoma (NCT00112866,
NCTO00085254) and prostate cancer (NCT00121238,
NCTO00103337) alone or in combination with radiation
therapy. Similarly, the RGD peptidomimetic S247 and the
cyclic peptides RGD4C and RGDfK decrease angiogene-
sis, tumor growth, and metastasis and improve survival in
mice [86, 98]. In addition, radiosensitivity of endothelial
cells is synergistically enhanced [1]. Recently, efforts were
made to improve the affinity and pharmacological proper-
ties of these antagonists, e.g., by binding them to HPMA
[N-2-hydroxypropyl) methacrylamide] polymers thereby
enhancing tumor to background ratios of the antagonist's
distribution in the body {72, 73]. The RGD4C peptide has
also been chosen to target xv integrin positive cells by
integration of this peptide into virus capsids or liposomes.
An adeno-associated virus bacteriophage hybrid vector
encoding the herpex simplex thymidine kinase that acti-
vates the prodrug ganciclovir proved effective in preclini-
cal models [36]. Alternatively, combretastatin has been
targeted to tumors by liposomes linked to RGD peptides
which delayed tumor growth in a melanoma model [79].
Such liposomes have also been used to deliver siRNAs
resulting in reduced prostate cancer bone metastases [10].
Fusion of truncated tissue factor to an av-targeting peptide
induced thrombosis in tumor vessels, thereby inhibiting
growth or inducing even regression of tumors in adeno-
carcinoma, melanoma and fibrosarcoma models {47].

In murine models, antibodies to «vf3 integrin block
angiogenesis, tumor formation, and metastasis. In clinical
studies the av3 inegrin-specific antibody Vitaxin (MEDI-
523) proved to be safe, however, only limited efficacy was
observed, e.g., disease stabilization in a leiomyosarcoma
patient [35, 78]. Vitaxin is now being investigated in phase
II trials in melanoma and prostate cancer (MedImmune,
Inc.). The antibody Abergrin (MEDI-522), that has a

@ Springer
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greater affinity to «vf$3 integrin, was similarly well toler-
ated in patients and is currently being tested in prostate
(NCT00072930) and colorectal cancer (NCT00284817) as
well as metastatic melanoma alone or in combination
therapy (NCT00111696, NCT00066196, MedImmune,
Inc.) [69].

Interference with the remodeling of the extra-cellular
matrix

Malignant progression of tumors is a complex process in
which cells need to gain the ability to invade into sur-
rounding tissues. For this purpose, cancer cells need to
attach to, degrade and invade the ECM. These events are
followed by invasion of the wall of blood or lymphatic
vessels; after transport within the blood or lymph circula-
tion, extravasation of cancer cells again involves degra-
dation of the basement membrane and the ECM. For all
these steps structural changes of the ECM are essential.
Several proteases are involved in these processes including
the MMPs and the urokinase plasminogen activator (uUPA).

MMPs are a family of membrane-anchered and secreted
zinc-dependent endopeptidases. Collectively, they are
capable of degrading all ECM and basement membrane
components. Their activity is important for matrix
remodeling in biological processes such as embryonic
development, tissue regeneration, and wound healing. In
the tumor micromilieu MMPs are frequently upregulated in
response to growth factors, cytokines and membrane-an-
chored molecules. They are produced by both tumor and
tumor stroma cells, predominantly at the invasive front of
the tumor (Table 1). Indeed, MMP expression correlates
with an invasive phenotype of tumor cells. MMPs have
been implicated in tumor growth, invasion, metastasis,
angiogenesis, and cancer cell survival/apoptosis as well as
the clinical course in a variety of cancer types. Thus,
several approaches to inhibit MMP expression and function
have been tested for cancer therapy (Tabie 2; Fig. 3a). A
wide variety of substances has been used to block MMP
activity, e.g., hydroxamates, bisphosphonates, tetracy-
clines, and tissue inhibitors of metalloproteinases (TIMPs).
The therapeutic efficacy of synthetic MMP inhibitors has
been demonstrated in vitro and in preclinical studies.
Moreover, several drugs have proceeded into the clinic and
even advanced to phase III clinical trials [102). Pseudo-
peptidic hydroxamate inhibitors, for example, bind the zinc
atom in the catalytic domain of MMPs and have broad
specificities. Batimastat (BB-94), illomastat (Galardin,
GM-6001) and the orally bioavailable derivative marim-
astat (BB-2516) inhibit the activity of many MMPs.
Marimastat clinically improved progression free and
overall survival of patients with advanced gastric cancer
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[16]. However, neither progression free nor overall survival
was prolonged in metastatic breast cancer or small cell lung
(SCL) cancer patients after first line chemotherapy or in
pancreatic carcinoma patients in combination with
gemeitabine [17, 94, 97]. The dose-limiting side effect of
marimastat treatment is musculoskeletal pain. The non-
peptidic biphenyl MMP inhibitor tanomastat (BAY
12-9566) has higher specificity towards MMP-2, -3, and -9.
It demonstrated anti-invasive, anti-metastatic, and anti-
angiogenic activity in a variety of tumor models and has
also been evaluated in clinical studies. Although clinical
effects were seen in combination with chemotherapy tox-
icity limits its usage [74]. Moreover, phase IH trials re-
vealed that tanomastat had a negative impact on
progression free and overall survival in ovarian, pancreatic,
and SCL cancer [39, 75]. A small molecule, broad spec-
trum inhibitor that lacks musculoskeletal side effects is
rebimastat (BMS-275291) [88]. However, it could not
demonstrate any beneficial effect if used as monotherapy
for treatment of patients with breast and colorectal cancer
or in combination with paclitaxel and carboplatin in non
small cell lung (NSCL) cancer [59, 70, 88]. A nonpeptidic
inhibitor that has also been tested in phase III clinical
studies is prinomastat (AG3340). It was examined in
prostate and NSCL cancer in combination with chemo-
therapy, but it also lacked efficacy [11]. Another group of
MMP inhibitors are chemically modified tetracyclines, like
metastat (CMT-3, Col-3} which inhibits several MMPs,
e.g., MMP-1, -2, -8, -9, and -13. In rodent models, it
inhibits malignant cell invason and angiogenesis [63].
Metastat has been examined in a phase II clinical trial in
patients with Kaposi sarcoma where it reduced MMP-2 and
MMP-9 plasma levels [26]. Apart from these synthetic
inhibitors endogenous MMP inhibitors have also been
evaluated. Under physiological conditions these TIMPs are
essential for the regulation of MMP activity. TIMPs have
antitumoral function since they can inhibit cell invasion,
tumor growth, metastasis and angiogenesis. This notion has
been confirmed by adenoviral expression of TIMPs in tu-
mor tissues [4, 18]. However, TIMPs do not act selectively
on the MMPs promoting tumor growth. Furthermore,
TIMPs are associated with the upregulation of the antia-
poptotic protein Bel-X, {43].

As described above, despite some clinical effects of
MMP inhibitors, the results of clinical trials have been
rather disappointing. In most studies the MMP inhibitors
had no beneficial and sometimes even adverse effects [11,
17, 94, 97). This may partly be explained by the usage of
broad spectrum inhibitors and the treatment of patients
without knowledge about the expression of the respective
MMPs in the individual tumors. MMPs are over-expressed
in most tumors, however, their expression pattern varies in
each tumor type and even in metastases of the same tumor
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Fig. 3 Therapy approaches infivencing the ECM degradation and
targeting CAFs. a MMPs and the uPA/uPAR system influence the
ECM degradation in the tumor microenvironment and promote
invasion and metastasis of tumors. They are targeted by inhibiting
their expression, e.g., by siRNA, antisense constructs, ribozymes or
DNAzymes or their function by inhibitors, antibodies or soluble
receptors, for example. In addition the uPA/uPAR system is used to
induce apoptosis by recruitment or activation of toxins. b Tenascin
expression is downregulated by siRNA approaches or targeted by
antibodies or aptamers labeled with radicisotopes. Molecules
expressed on the cell surface of CAFs, e.g., ¢ FAP« and d CAIX,
are also used to directly destroy these stroma cells mediated by
antibodies (labeled with radioactive isotopes or different effector
molecules) or cellular immune responses. Expression/secretion of
target molecules is indicated by green arrows, binding to receptors by
brown arrows, and their effects by black arrows. Therapeutical
substances are depicted in red and their effects by blue arrows

to different organs. As broad spectrum inhibitors may have
both inhibitory and promoting effects on tumor develop-
ment and progression, more selective inhibitors for tumor-
progression-associated MMPs have been developed.

Ro-28-2653 inhibitis MMP-2, -9 and -14 and shows high
anti-invasive activity in vitro. In preclinical models, it
inhibits growth of MMP producing tumor cells as well as
the tumor growth promoting effect of stromal cells [67].
The anti tumor effect is enhanced by combination with
chemotherapy [2]. SB-3CT, a mechanism-based inhibitor
that is formed only within the active site of the targeted
enzymes, i.e., MMP-2 and MMP-9, inhibits liver metasta-
ses and increases survival in an aggressive murine model of
T-cell lymphoma [56].

Several approaches to selectively inhibit the expression
of a specific MMP have been examined, e.g., antisense
constructs, RNA interference, and antisense ribozymes.
However, even if single MMPs are targeted, the results are
not always predictable as some MMPs may have a dual
effect on tumor progression. Notably, MMPs cleave a di-
verse variety of substrates, resulting in opposing effects on
tumor growth [30]. Indeed, activation of growth and
angiogenic factors, and cleavage of FasL. promote tumor
development whereas the generation of angiogenesis
inhibitors, e.g., angiostatin, arrestin, canstatin, endostatin,
tunstatin, and ADAMTSs may inhibit tumor progression.

The serine protease urokinase plasminogen activator
(uPA) converts plasminogen to plasmin which is able to
degrade many ECM proteins such as collagen IV, laminin,
and fibronectin either directly or through activation of other
proteases. uPA, its inhibitor plasminogen activator inhibi-
tor-1 (PAI-1), and its receptor uPAR (CD87) are involved
in cell migration, tissue degradation, and angiogenesis
under normal and pathological conditions. They do not
only regulate ECM degradation but also cell adhesion and
migration mediated by the interaction between uPAR and
integrins, as well as ECM components, such as vitronectin.
Over-expression of uPA and uPAR is a characteristic of
various human cancers (Table ). Whereas uPAR is par-
ticularly detected on tumor cells, uPA is mainly expressed
by TAMs and CAFs, and to lesser extent on TECs. Studies
in uPA knock out mice have confirmed the role of stromal
uPA expression for tumor progression. Consequently, the
uPA system has been addressed for anti-cancer therapy.
Several approaches to interfere with the uPA system,
ranging from neutralizing antibodies, soluble receptors,
catalytically inactive uPA fragments, and synthetic pep-
tides/peptidomimetics to antisense approaches, RNAI
vectors, and DNAzymes have been tested to date (Table 2,
Fig. 3a). The inhibitory effects of these substances have
been conclusively demonstrated in preclinical models.
Treatment with 213Bi labeled PAI-2 inhibits tumor growth
in a pancreatic cancer xenograft model [83]. In murine
tumor models intratumoral injection of small interfering
RNA constructs for uPA and uPAR abrogated growth of
established tumors [52, 82]. Adenoviral delivery of a chi-
meric protein composed of the receptor binding part of
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uPA linked to the plasmin inhibitor BPTI (aprotinin) or the
treatment with hybrid proteins consisting of the uPAR
binding part and urinary trypsin inhibitor (UT1) also re-
duced tumor growth and metastases in tumor models {50,
58]. In addition, toxins or biocactive molecules binding to
components of the uPA system or being activated after
cleavage by uPA in the tumor microenvironment have been
developed [32, 63, 90, 101]. In all these systems the
selective targeting of cells expressing uPA/uPAR, was not
associated with major side effects. Recently, an uPA-de-
rived peptide, A6, which in animal models reduced tumor
growth, metastasis, and angiogenesis alone or in combi-
nation with other therapies was evaluated in a phase I
clinical study in patients with gynaecologic, especially
ovarian, cancer. This study demonstrated the safety of Aé.
Moreover, this trial suggested some clinical potential [9].
Thus, A6 is currently being tested in a phase II study
(NCT00083928, Angstrom Pharmaceuticals).

Tenascin-C is an extra-cellular hexameric glycoprotein
expressed during embryonic development and adult tissue
remodeling. Alternative splicing results in monomers of
different sizes and the large isoform is virtually undetect-
able in differentiated tissues but is abundantly expressed in
the stroma of most solid tumors (Table 1). Tenascin-C is
expressed by both cancer cells and CAFs, especially at the
invasive front. Tenascin-C is upregulated by hypoxia,
mechanical stress, and various cytokines including TGF-8
and CTGF. Tenascin-C promotes tumor growth by several
mechanisms including enhanced proliferation, invasion,
and migration, as well as escape from immune surveil-
lance, and it is associated with a poor prognosis. Anti-
bodies to tenascin-C delay tumor growth and induce
apparent cures in xenograft models (Table 2; Fig. 3b).
Treatment of patients with recurrent brain tumors, ie.,
glioma and astrocytoma, with the I131 labeled antibody
81C6 demonstrated limited toxicity and induced a pro-
longed survival [85]. This antibody has aiso induced clin-
ical responses in patients with non-Hodgkin lymphoma
[89]. Additive tumor targeting was obtained by combining
two different antitenascin antibodies [80]. In another ap-
proach, fluorescence and radiolabeled aptamers to tenascin-
C were used in xenograft models for tumor imaging, sug-
gesting that labeling of aptamer conjugates may be used to
deliver radioisotopes and chemotherapeutics [38]. Affinity
matured human antibodies to tenascin-C in a small im-
munoprotein format (scFv disulfide linked homodimer)
have been generated and their specific accumulation in
glioblastoma of a murine model has been demonstrated
[14]. In glioblastoma multiforme and astrocytoma patients
following brain resection tenascin-C specific RNA inter-
ference was applied to suppress tumor growth [108].

Fibroblast activation protein x (FAPx, seprase) is an-
other enzyme participating in ECM degradation. FAPx is a
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serine protease with dual function, i.e., gelatinase/colla-
genase and dipeptidyl peptidase (N-terminal, post-prolyl
amino peptidase) activity. Its natural substrate has not yet
been identified. FAPx is expressed during embryonic
development and wound healing. While it is hardly present
in differentiated adult tissues, it is selectively induced on
reactive stromal fibroblasts of more than 90% of common
solid tumors. Besides its primary localization in fibroblasts,
FAPx mRNA has also been detected in endothelial cells
undergoing reorganization and capillary morphogenesis.
Endothelial expression of FAPx protein in complexes with
dipeptidyl peptidase IV (DPPIV) has been described in
capillary-like blood vessels in breast ductal carcinoma. The
biclogical function of FAPx in the tumor microenviron-
ment still remains elusive. It has been suggested that FAPx
functions via degradation of the ECM and/or processing of
soluble factors (such as chemokines, hormones or bioactive
peptides). FAPx over-expression is associated with reduced
dependency on exogenous growth factors, enhanced tumor
growth, invasion, angiogenesis, and metastasis. However,
the role of FAPx in cancerogenesis is still controversial as
in some studies a beneficial effect of FAPx expression has
been demonstrated: (i} expression of FAP2 in a mouse
melanoma model decreased tumorigenicity, restored con-
tact inhibition, induced cell cycle arrest and growth factor
dependence; (ii} in human breast carcinoma expression of
FAPz in fibroblasts is associated with longer overall and
disease-free  survival. Nevertheless, the differential
expression of FAPy in cancer versus normal tissues makes
it a promising therapeutic target (Fig. 3c). PT-100, an
inhibitor of FAPx and DPPIV dipeptidyl peptidase activity,
upregulates cytokine and chemokine production by stroma
cells, and thereby augments the anti-tumor immune re-
sponse, and it was well tolerated in a phase I clinical study
[3, 76]. Other peptide inhibitors are also in preclinical
development. Dipeptide proline diphenyl phosphonates
exert an anti-invasive effect on the FAPx« positive mela-
noma cell line LOX [33]. Recently, an FAPx-specific small
molecule inhibitor has been developed which specifically
targets FAPx but not DPPIV [28]. FAPa-directed anti-
catalytic antibodies have been demonstrated to reduce the
growth of FAP' tumor cells [24]. However, some of the
biological effects of FAPx are mediated independently
from its catalytic function as catalytic mutants still infiu-
ence tumor growth. In consequence, several antibody
constructs have been tested not only to inhibit the enzy-
matic activity of FAPx but also to mediate the destruction
of FAPa* cells. The humanized version of the mab F19 to
FAPx, Sibrotuzumab (BIBH 1) has been demonstrated to
be safe and well tolerated in clinical studies [0, 93). The
13! labeled BIBH 1 was used to characterize its biodis-
tribution in humans, demonstrating that it selectively
accumulated in primary and metastatic colorectal as well as
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NSCL cancer [93). However, the FAPx-specific antibody
alone lacked therapeutic efficacy. Thus, FAPux-specific
antibodies have been used to target bioactive molecules to
the tumor stroma (reviewed in [92]): (i} An FAPz-CD3-
bispecific single chain antibody was used to recruit CTLs
to the tumor stroma {104]; (ii}) TNFx was directed to FAPx
expressing cells by an anti-FAP2-TNFa fusion protein;
binding of the construct mimicks membrane-integrated
TNFu« signaling and leads to apoptosis and tissue factor
production in vitro and reduced tumor growth in vivo [8];
(iii} the function of tissue factor in the coagulation cascade
was also used in another approach where the human tissue
factor was fused with a single chain anti-FAPzx antibody;
after binding to the cell surface coagulation was triggered
in vitro [87]); finally (iv) a FasL fusion protein regained full
activity upon cell-surface binding and induced apoptosis of
FAPq positive cells in vitro and prevented growth of FAPx-
positive tumor cells without systemic toxicity in vivo [91].

For the selective destruction of CAFs antigens not di-
rectly implicated in the ECM degradation may also be
considered (Fig. 3d). The carbonic anhydrase IX (CAIX,
MN, (G250) is a marker for tumor hypoxia and is important
for pH regulation. CAIX is over-expressed in CAFIs of
renal cell, colorectal, cervix, NSCL, bladder, and kidney
cancer as well as on some malignant cells themselves
(Table 1). High CAIX expression in tumors is associated
with an unfavorable prognosis. It should be noted, how-
ever, that CAIX is also expressed in normal gastric epi-
thelium. Efforts are in progress to design carbonic
anhydrase inhibitors specifically binding to CAIX [77,
100]. Sulfonamide derivatives, for example show efficacy
at inhibiting hypoxia-induced acidosis in vitro [7, 22]. With
respect to passive immune therapy, the CAIX-specific
antibody WX-G250 (Rencarex) efficiently mediated
ADCC in vitro [64]. Moreover, treatment of renal cell
carcinoma patients with this antibody resulted in clinical
responses [12, 13]. Conjugates of this antibody with
radioactive isotopes improved survival in preclinical stud-
ies, and currently are being tested in the clinic {{9, 20].
Spontaneous T cell responses against CAIX are only rarely
detected in cancer patients even if TIL are used for analysis
[34]. Thus, in a recently initiated clinical trial the adoptive
transfer of autologous T lymphocytes transduced to express
a single-chain antibody to CAIX is being investigated [57].

Conclusion

Stroma cells influence tumor initiation and progression.
They allow vasculo- and angiogenesis, as well as recruit-
ment of additional stromal cells; secrete growth factors and
proteolytic enzymes, and modify the ECM to make it more
suitable for the tumor cells. A variety of methods to inhibit

these tumor-promoting interactions of tumor and tumor
stroma cells are currently being tested in preclinical and
clinical studies. These approaches target one or multiple
molecules to inhibit their expression, to interfere with their
function or to destroy the tumor stroma cells. Several of
these strategies achieved promising results in early clinical
trials demonstrating that they may become an effective tool
to treat cancer. In consequence, efforts are in progress to
advance tumor stroma-directed therapies both to be applied
by themselves or to complement conventional treatments.
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Cell Line Description
Organism: Homo sapiens (human)
Tissue: skin; foreskin
Age: newborn
Gender: male
Morphology: fibroblast
Growth Properties: adherent
DNA profile (STR analysis)

Amelogenin: X,Y

CSF1PO: 10,12

D13S8317: 8,9

D16S539: 9,13

D55818: 12

D7S820: 11,12

THO01: 7,8

TPOX: 10,11

vWA: 16,18
Depositors: J.R. Smith
Comments: The line was established from skin taken from
normal foreskin. A frozen ampule at population doubling 2.3
was received at the ATCC in April, 2000. The BJ cell line has
a long lifespan in comparison with other normal human
fibroblast cell lines. They have been reported to have a
maximal life span of 85 to 90 population doublings [PubMed:
9454332]. These cells have a reported normal diploid
karyotype at population doubling 61 but an abnormal
karyotype at population doubling 82 [PubMed: 9916803].
They are telomerase negative [PubMed: 10330139]. The
cells may be used for stable transfection studies.
Cells from ATCC ampules have the capacity to proliferate to
a maximum of 72 population doublings before the onset of
senescence.

Biosafety Level: 1

Appropriate safety procedures should always be used with
this material. Laboratory safety is discussed in the following
publication: Biosafety in Microbiological and Biomedical
Laboratories, 4th ed. HHS Publication No. (CDC) 93-8395.
U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention. Washington DC: U.S.
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P.O. Box 1549

Manassas, VA 20108 USA
www.atcc.org

Product Information

--------

online at www.cdc.govfodiolhsfbioéﬂylbm bl4/bmbl4toc.htm

Use Restrictions

These cells are distributed for research purposes
only. ATCC recommends that individuals contemplating
commercial use of any cell line first contact the originating
investigator to negotiate an agreement. Third party
distribution of this cell line is discouraged, since this practice
has resulted in the unintentional spreading of cell lines
contaminated with inappropriate animal cells or microbes.

Handling Procedure for Frozen Cells

To insure the highest level of viability, thaw the vial and
initiate the culture as soon as possible upon receipt. If upon
arrival, continued storage of the frozen culture is necessary,
it should be stored in liquid nitrogen vapor phase and not at —
70°C. Storage at —70°C will result in loss of viability.

SAFETY PRECAUTION: ATCC highly recommends that
protective gloves and clothing always be used and a full
face mask always be worn when handling frozen vials.
it is important to note that some vials leak when submersed
in liguid nitrogen and will sfowly fill with liquid nitrogen. Upon
thawing, the conversion of the liquid nitrogen back to its gas
phase may result in the vessel exploding or blowing off its
cap with dangerous force creating flying debris.

1. Thaw the vial by gentle agitation in a 37°C water bath.
To reduce the possibility of contamination, keep the O-
ring and cap out of the water. Thawing should be rapid
(approximately 2 minutes).

2. Remove the vial from the water bath as soon as the
contents are thawed, and decontaminate by dipping in or
spraying with 70% ethanol. Alf of the operations from this
point on should be carried out under strict aseptic
conditions.

3. It is recommended that the cryoprotective agent be
removed immediately. Centrifuge the cell suspension at
approximately 125 xg for 5 to 10 minutes. Discard the
supernatant and resuspend the cell pellet in an
appropriate amount of fresh growth medium. to an
appropriate size vessel.

4. Incubate the culture at 37°C in a suitable incubator. A
5% CO; in air atmosphere is recommended if using the
medium described on this product sheet.

Handling Procedure for Flask Cultures

The flask was seeded with cells (see specific batch
information) grown and completely filled with medium at
ATCC to prevent loss of cells during shipping.

1. Upon receipt visually examine the culture for
macroscopic evidence of any microbial contamination.
Using an inverted microscope (preferably equipped with
phase-contrast optics), carefully check for any evidence

' 800-638-6597 or 703-365-2700
Fax: 703-365-2750

E-mail: tech@atcc.org
Or contact your local distributor.
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of microbial contamination. Aiso check to determine if
the majority of cells are still attached to the bottom of the
flask; during shipping the cultures are sometimes
handled roughly and many of the cells often detach and
become suspended in the culture medium (but are still
viable).

2. If the cells are still attached, aseptically remove all but
5 to 10 ml of the shipping medium. The shipping
medium can be saved for reuse. Incubate the cells at
37°C in a 5% CO2 in air atmosphere until they are
ready to be subcultured.

3. If the celis are not attached, aseptically remove the
entire contents of the flask and centrifuge at 125 xg for 5
to 10 minutes. Remove shipping medium and save.
Resuspend the pelleted cells in 10 ml of this medium
and add to 25 cm? flask. Incubate at 37°C in a 5% CO-
in air atmosphere until cells are ready to be subcultured.

Subculturing Procedure

Volumes used in this protocol are for 75 cm2 flask;
proportionally reduce or increase amount of dissociation
medium for culture vessels of other sizes.

1. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin-
0.53mM EDTA solution to remove all traces of serum
which 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 to
detach. Cells that are difficult to detach may be placed
at 37°C to facilitate dispersal.

4. Add 6.0 to 80 ml of complete growth medium and
aspirate cells by gently pipetting.

5. Add appropriate aliquots of the cell suspension to new
culture vesseis.
Subcultivation Ratio: 1:2 to 1:9

6. Incubate cultures at 37°C.

Note: For more information on enzymatic
dissociation and subculturing of cell lines consult Chapter 10
in Culture of Animal Cells, a manual of Basic Technique
by R. lan Freshney, 3rd edition, published by Alan R. Liss,
N.Y., 1994,

Medium Renewal
Every 2 to 3 days

American Type Culture Collection
P.O. Box 1549

Manassas, VA 20108 USA
www.atcc.org

Complete Growth Medium

The base medium for this cell line is ATCC-formulated
Eagle's Minimum Essential Medium, Catalog No. 30-2003.
To make the complete growth medium, add the following
components to the base medium:

» fetal bovine serum to a final concentration of 10%

This medium is formulated for use with a 5% CQ; in air
atmosphere.

ATCC tested fetal bovine serum is available as ATCC
Catalog No. 30-2020 (500ml) and ATCC Catalog No. 30-
2021 (100mi).

Cryoprotectant Medium

Complete growth medium described above supplemented
with 5% (viv) DMSO. Cell culture tested DMSO is available
as ATCC Catalog No. 4-X.

Additional Information

Additional product and technical information can be
obtained from the catalog references and the ATCC Web site
at www.atcc.org, or by e-mail at tech@atec.org.
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ATCC Warranty

The viability of ATCC products is warranted for 30 days from
the date of shipment. If you feel there is a problem with this
product, contact Technical Services by phone at 800-638-
6597 (U.S., Canada, and Puerto Rico) or 703-365-2700
(elsewhere) or by e-mail at tech@atcc.crg.

Disclaimers
This product is intended for laboratory research purposes
only. It is not intended for use in humans.
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misrepresentation of cultures.

Please see the enclosed Material Transfer Agreement (MTA)
for further details regarding the use of this preduct. The
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Specific Batch Information

Cell Line Description

Organism: Mus musculus (mouse)

Strain: NIH/Swiss

Tissue: embryo

Morphology: fibroblast

Growth properties: adherent

VirusSuscept: murine sarcoma viruses; murine leukemia
viruses

Depositors: S.A. Aaronson

Comments: The NIH/3T3, a continuous cell line of highly
contact-inhibited cells was established from NIH Swiss
mouse embryo cultures in the same manner as the original
random bred 3T3 (ATCC CCL-92™) and the inbred BALB/c
3T3 (ATCC CCL-163™). The established NIH/3T3 line was
subjected to more than 5 serial cycles of subcloning in order
to develop a subclone with morphologic characteristics best
suited for transformation assays. These cells are useful for
DNA transfection and transformation studies.

Tested and found negative for ectromelia virus (mousepox).

Biosafety Level: 1

Appropriate safety procedures should always be used with
this material. Laboratory safety is discussed in the following
publication: Biosafety in Microbiological and Biomedical
Laboratories, 4th ed. HHS Publication No. (CDC) 93-8395.
U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention. Washington DC: U.S.
Government Printing Office; 1999. The entire text is available
online at www.cdc.gov/od/ohs/biosfty/bmbld4/bmbldtoc.htm.

Use Restrictions

These cells are distributed for research purposes
only. ATCC recommends that individuals contemplating
commercial use of any cell line first contact the originating
investigator to negotiate an agreement. Third party
distribution of this cell line is discouraged, since this practice
has resulted in the unintentional spreading of cell lines
contaminated with inappropriate animal cells or microbes.

Product Information Sheet for ATCC CRL 1658™
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Handling Procedure for Frozen Cells

To insure the highest level of viability, thaw the vial and
initiate the culture as soon as possible upon receipt. If upon
arrival, continued storage of the frozen culture is necessary,
it should be stored in liquid nitrogen vapor phase and not at —
70°C. Storage at —=70°C will result in loss of viability.

SAFETY PRECAUTION: ATCC highly recommends that
protective gloves and clothing always be used and a full
face mask always be worn when handling frozen vials. /t
is important to note that some vials leak when submersed in
liquid nitrogen and will slowly fill with liquid nitrogen. Upon
thawing, the conversion of the liquid nitrogen back to its gas
phase may result in the vessel exploding or blowing off its
cap with dangerous force creating flying debris.

1.  Thaw the vial by gentle agitation in a 37°C water bath.
To reduce the possibility of contamination, keep the O-
ring and cap out of the water. Thawing should be rapid
(approximately 2 minutes).

2. Remove the vial from the water bath as soon as the
contents are thawed, and decontaminate by dipping in or
spraying with 70% ethanol. All of the operations from this
point on should be carried out under strict aseptic
conditions.

3. Transfer the vial contents to a centrifuge tube containing
9.0 ml complete growth medium and spin at
approximately 125 xg for 5 to 7 minutes.

4. Resuspend cell pellet with the recommended complete
growth medium (see the specific batch information for
the culture recommended dilution ratio) and dispense
into a 25 cm? or a 75 cm” culture flask. It is important to
avoid excessive alkalinity of the medium during recovery
of the cells. It is suggested that, prior to the addition of
the vial contents, the culture vessel containing the
complete growth medium be placed into the incubator for
at least 15 minutes to allow the medium to reach its
normal pH (7.0 to 7.6).

5. Incubate the culture at 37°C in a suitable incubator. A
5% CO; in air atmosphere is recommended if using the
medium described on this product.

Handling Procedure For Flask Cultures

The flask was seeded with cells (see specific batch
information) grown and completely filled with medium at
ATCC to prevent loss of cells during shipping.

1. Upon receipt visually examine the culture for
macroscopic evidence of any microbial contamination.
Using an inverted microscope (preferably equipped with
phase-contrast optics), carefully check for any evidence
of microbial contamination. Also check to determine if

the majority of cells are still attached to the bottom of the
flask; during shipping the cultures are sometimes

merican Type Culture Collection
P.O. Box 1549

Manassas, VA 20108 USA
www.atcc.org

800-638-6597 or 703-365-2700
Fax: 703-365-2750
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Or contact your local distributor.



handled roughly and many of the cells often detach and
become suspended in the culture medium (but are still
viable).

2. If the cells are still attached, aseptically remove all but
5 to 10 m! of the shipping medium. The shipping
medium can be saved for reuse. Incubate the cells at
37°C in a 5% CO; in air atmosphere until they are
ready to be subcultured.

3. If the cells are not attached, aseptically remove the
entire contents of the flask and centrifuge at 125 xg for 5
to 10 minutes. Remove shipping medium and save.
Resuspend the pelleted cells in 10 mi of this medium
and add to 25 cm’ flask. Incubate at 37°C in a 5% CO»
in air atmosphere until cells are ready to be subcultured.

Subculturing Procedure

Never allow the culture to become completely confluent.
Subculture at 80% confluency or less.

Volumes used in this protocol are for 75 cm2 flask;
proportionally reduce or increase ameount of dissociation
mediurn for culture vessels of other sizes.

1.  Remove and discard culture medium.

2. Briefly rinse the cell l[ayer with 0.25% (wiv} Trypsin-
0.53mM EDTA solution to remove all traces of serum
which contains trypsin inhibitor.

3. Add2.0to 3.0 md of Trypsin-EDTA solution to flask and
observe cells under an inverted microscope until cell
layer is dispersed {usually within 5 to 10 minutes).

Note: To avoid clumping do not agitate the cells by hitting or
shaking the flask while waiting for the cells to 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 supension to new
culture vessels. Use 3-5 x 10(3) cells/em? and subculture
about every 3 days.

Note: In order to maintain this property of high contact
inhibition it is necessary to transfer routinely at only high
dilutions, otherwise variants tend to be selected having
reduced contact inhibition. Such low density make culture
vessels appear sparse and cell growth sensitive to sub-
optimal temperature and media conditions.

6. Incubate cultures at 37°C.
Note: For more information on enzymatic dissociation
and subculturing of cell lines consult Chapter 10 in Culture

of Animal Cells, a manual of Basic Technigue by R. lan
Freshney, 3rd edition, published by Alan R. Liss, N.Y., 1904,

encan Type Clture Co
P.O. Box 1549
Manassas, VA 20108 USA

www atcc.org
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Medium Renewal
Two times per week.

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:

ebovine calf serum to a final concentration of 10%
This medium is formulated for use with a 5% CO: in air
atmosphere. (Standard DMEM formulations contain 3.7 g/L
sodium bicarbonate and a 10% CO; in air atmosphere is
then recommended).
The calf serum initially employed and found to be satisfactory
was from the Colorado Serum Co. Denver.

Cryoprotectant Medium

Complete growth medium described above supplemented
with 5% (v/v) DMSO.

Cell culture tested DMSO is available as ATCC Catalog No.
4-X.

Additional Information

Additional product and technical information can be obtained
from the catalog references and the ATCC Web site at
www.atcc.org, or by e-mail at tech@atce.org.
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ATCC Warranty

The viability of ATCC products is warranted for 30 days from
the date of shipment. If you feel there is a problem with this
product, contact Technical Services by phone at 800-638-
6597 (U.S., Canada, and Puerto Rico) or 703-365-2700
{elsewhere) or by e-mail at tech@atcce.org.

Disclaimers
This product is intended for laboratory research purposes
only. It is not intended for use in humans.

While ATCC uses reasonable efforts to include accurate and
up-to-date information on this product sheet, ATCC makes
no warranties or representations as to its accuracy. Citations

American Type Culture Collection
P.O. Box 1549

Manassas, VA 20108 USA
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from scientific literature and patents are provided for
informational purposes only. ATCC does not warrant that
such information has been confirmed to be accurate.

This product is sent with the condition that you are
responsible for its safe storage, handling, and use. ATCC is
not liable for any damages or injuries arising from receipt
and/or use of this product. While reasonable effort is made to
insure authenticity and reliability of strains on deposit, ATCC
is not liable for damages arising from the misidentification or
misrepresentation of cultures.

Please see the enclosed Material Transfer Agreement (MTA)
for further details regarding the use of this product. The
MTA is also available on our Web site at www.atcc.org.

© ATCC 2007. All rights reserved.

ATCC® is a registered trademark of the American
Type Culture Collection. 07/07
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Cell Line Description

Organism: Mus musculus {mouse)

Strain: C57BL/6J

Tissue: melanoma; skin

Growth properties: adherent

Morphology: mixture of spindle-shaped and epithelial-like
cells

Depositors: Naval Biosciences Laboratory

Comments: Confirmed as a murine cell line by ATCC.
Tests for microbial contamination were negative.

DISCLAIMER: This cell line was deposited by the Naval
Biosciences Laboratory. Researchers should be aware
that one purpose of the NBL bank was to produce and
distribute early passage cultures of cells from various
clinical materials. Many of these lines, unlike most
others available and published in the ATCC catalog, are
primary and mixed. Those from tumors, for example,
may consist of mixtures of stromal and cancer cells in
which the former cell types predominate.

Biosafety Level: 1

Appropriate safety procedures should always be used with
this material. Laboratory safety is discussed in the following
publication: Biosafety in Microbiclogical and Biomedical
Laboratories, 5th ed. HHS Publication No. (CDC) 93-8395.
U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention. Washington DC: U.S.
Government Printing Office; 2007. The entire text is available
online at www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4toc.htm.

Use Restrictions

These cells are distributed for research purposes only.
ATCC recommends that individuals contemplating
commercial use of any cell line first contact the originating
investigator to negotiate an agreement. Third party
distribution of this cell line is discouraged, since this practice
has resulted in the unintentional spreading of cell lines
contaminated with inappropriate animal cells or microbes.

American Type Culture Collection
P.O. Box 1549

Manassas, VA 20108 USA
www.atcc.org
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Handling Procedure for Frozen Cells

To insure the highest level of viability, thaw the vial and
initiate the culture as soon as possible upon receipt. If upon
arrival, continued storage of the frozen culture is necessary,
it should be stored in liquid nitrogen vapor phase and not at
—70°C. Storage at —70°C will result in loss of viability.

SAFETY PRECAUTION: ATCC highly recommends that
protective gloves and clothing always be used and a full
face mask always be worn when handling frozen vials. /t
is important to note that some vials leak when submersed in
liquid nitrogen and will slowly fill with liquid nitrogen. Upon
thawing, the conversion of the liquid nitrogen back to its gas
phase may result in the vessel exploding or blowing off its
cap with dangerous force creating flying debris.

1. Thaw the vial by gentle agitation in a 37°C water bath.
To reduce the possibility of contamination, keep the O-
ring and cap out of the water. Thawing should be rapid
(approximately 2 minutes).

2. Remove the vial from the water bath as soon as the
contents are thawed, and decontaminate by dipping in or
spraying with 70% ethanol. Al of the operations from this
point on should be carried out under strict aseptic
conditions.

3. Transfer the vial contents to a centrifuge tube containing
9.0 ml complete culture medium and spin at
approximately 125 x g for 5 to 7 minutes. Discard
supernatant.

4. Resuspend the cell pellet with the recommended
complete medium and dispense into a 25 cm? culture
flask. It is important to avoid excessive alkalinity of the
medium during recovery of the cells. [t is suggested
that, prior to the addition of the vial contents, the culture
vessel containing the complete growth medium be
placed into the incubator for at least 15 minutes to allow
the medium to reach its normal pH (7.0 to 7.6).

5. Incubate the culture at 37°C in a suitable incubator. A
5% COz in air atmosphere is recommended if using the
medium described on this product sheet.

Handling Procedure for Flask Cultures

The flask was seeded with cells, grown and completely filled
with medium at ATCC to prevent loss of cells during
shipping.

1. Upon receipt visually examine the culture for
macroscopic evidence of any microbial contamination.
Using an inverted microscope (preferably equipped with
phase-contrast optics), carefully check for any evidence
of microbial contamination. Also check to determine if
the majority of cells are still attached to the bottom of the
flask; during shipping the cultures are sometimes

800-638-6597 or 703-365-2700
Fax: 703-365-2750

E-Mail: tech@atcc.org

Or contact your local distributor.
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handled roughly and many of the cells often detach and
become suspended in the culture medium (but are still
viable).

2. If the cells are still attached, aseptically remove all but
5 to 10 ml of the shipping medium. The shipping medium
can be saved for reuse. Incubate the cells at 37°C in a
5% COz in air atmosphere until they are ready to be
subcultured.

3. If the cells are not attached, aseptically remove the
entire contents of the flask and centrifuge at 125 x g for
5 to 10 minutes. Remove shipping medium and save.
Resuspend the pelleted cells in 10 ml of this medium
and add to 25 cm? flask. Incubate at 37°C in a 5% CO:
in air atmosphere until cells are ready to be subcultured.

Subculturing Procedure

Volumes used in this protocol are for 75 cm’ flasks;
proportionally reduce or increase amount of dissociation
medium for culture vessels of other sizes.

1. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin-
0.53mM EDTA solution to remove all traces of serum
which 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 to
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 to new
culture vessels.
Subculture ratio: 1:6 to 1:10

6. Incubate cultures at 37°C.

Note: For more information on enzymatic dissociation and
subculturing of cell lines consult Chapter 13 in Culture Of
Animal Cells: A Manual Of Basic Technique by R. lan
Freshney, 5th edition, published by Wiley-Liss, N.Y_, 2005.

Medium Renewal
Every 2 to 3 days

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:

«fetal bovine serum to a final concentration of 10%

American Type Culture Collection
P.O. Box 1549

Manassas, VA 20108 USA
www.atcc.org
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This medium is formulated for use with a 5% CO2 in air
atmosphere. (Standard DMEM formulations contain 3.7 g/L
sodium bicarbonate and a 10% COazin air atmosphere is then
recommended).

ATCC tested fetal bovine serum is available as ATCC®
Catalog No. 30-2020 (500ml) and ATCC® Catalog No. 30-
2021 (100ml).

Cryoprotectant Medium

Complete culture medium described above supplemented
with 5% (v/v) DMSO. Cell culture tested DMSO is available
as ATCC” Catalog No. 4-X.

Additional Information

Additional product and technical information can be obtained
from the catalog references and the ATCC Web site at
www.atcc.org, or by e-mail at tech@atcc.org.
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ATCC Warranty

The viability of ATCC products is warranted for 30 days from
the date of shipment. If you feel there is a problem with this
product, contact Technical Services by phone at 800-638-
6597 or 703-365-2700 or by e-mail at tech@atcc.org. Or you
may contact your local distributor.

Disclaimers
This product is intended for laboratory research purposes
only. It is not intended for use in humans.
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While ATCC uses reasonable efforts to include accurate and
up-to-date information on this product sheet, ATCC makes
no warranties or representations as to its accuracy. Citations
from scientific literature and patents are provided for
informational purposes only. ATCC does not warrant that
such information has been confirmed to be accurate.

This product is sent with the condition that you are
responsible for its safe storage, handling, and use. ATCC is
not liable for any damages or injuries arising from receipt
andfor use of this product. While reasonable effort is made to
insure authenticity and reliability of strains on deposit, ATCC
is not liable for damages arising from the misidentification or
misrepresentation of cultures.

Please see the enclosed Material Transfer Agreement (MTA)
for further details regarding the use of this product. The
MTA is also available on our Web site at www.atcc.org.

© ATCC 2011. All rights reserved.

ATCC® is a registered trademark of the American Type
Culture Collection.
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Re: Biological Agents Registry Form: Leask

Subject: Re: Biological Agents Registry Form: Leask
From: Andrew Leask <Andrew.Leask@schulich.uwo.ca>

Date: Fri, 26 Aug 2011 16:43:58 -0400

To: Jennifer Stanley <jstanle2@uwo.ca>

Hi

I am sending you a link to the use of the commercially available Santa Cruz

lentivirus which are 3rd generation lentivirus. Please note that there are NO HIV
sequences whatsoever in the virus used

Thanks

http://www.scbt.com/protocol shrna lentiviral particles transduction.html

http://openwetware.ora/wiki/Griffin:Lentivirus Technology#Biosafety of 3rd generation Lentivrus

Biosafety of 3rd generation Lentivrus

The third generation of lentivirus vectors provides multiple safeguards against the production of replication
competent lentivirus (RCL) (Dull, 1998) and are suitable for use under Biosafety Level 2 environment.

3rd generation Lentivirus Biosafety Features

® A deletion in the enhancer of the U3 region of 3'ALTR ensures self-inactivation of the lentiviral construct after
transduction and integration into genomic DNA of the target cells. Long terminal repeats encompass the
cassettes that incorporate into the host genome. The 5" and 3’ LTR's serve to promote transcription and
polyadenylation of the virion RNA's. The LTR contains all other cis-acting sequences necessary for viral
replication. Deletion in the enhancer of U3 region of 3'LTR ensures self-inactivation of lentiviral construct
after transduction and integration into genomic DNA of the target cells.

® The RSV promoter (in HIV-based vectors) and the CMV promoter (in FIV-based vectors) upstream of 5°'LTR in
the lentivector allow efficient Tat-independent production of viral RNA, reducing the number of genes from
HIV-1 that are used in this system. For third generation lentivirus, the trans-acting function of Tat becomes
dispensable if part of the upstream LTR in the transfer vector construct is replaced by constitutively active
promoter sequences.

® The number of lentiviral genes necessary for packaging, replication and transduction is reduced to three (gag,
pol, rev).

® The corresponding proteins are expressed from different plasmids (for HIV-based packaging plasmids) that
lack packaging signals. The packaging plasmids share no significant homology to any of the expression
lentivectors, the pVSV-G expression vector, or any other vector, to prevent generation of recombinant
replication competent virus.

® None of the HIV-1 genes (gag, pol, rev) are present in the packaged viral genome, as they are expressed from
separate plasmids lacking packaging signal. Therefore, the lentiviral particles generated are replication-
incompetent. The genetic elements are split into four plasmids.

® Produced pseudoviral particles will carry only a copy of the clone-in construct.

Production of RCV can only be the result of four unlikely events: recombination of four plasmids and reconstitution
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of the U3 LTR promoter activity. Since the probability of the generation of an RCV during vector production is
excessively low, vector batches would be contaminated with low number of RCV particles if any (Escarpe, 2003).
Rodents are dead end hosts for such RCV: viruses could enter into cells but not produce any progeny in vivo.
Infectious virus production by cells from HIV-transgenic mice was documented only ex vivo under special conditions
(Wang, 2003). RCV amplification in rodents is therefore highly unlikely.

A system incorporating all these safeguards can be seen as safe and is usually classified as BSL2.

® pPMID=9765382
® Santa Cruz Biotechnology Inc.
® System Biosciences
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16: shRNA Lentiviral Particles Transduction Print Protocol

Technical Service
DAY 1

SUPPORT PRODUCTS
shRNA Lentiviral Particles
Transduction

+ Plate target cells in a 12-well plate 24 hours prior to viral infection.

id 1 mi of complete optimal medium (with serum and antibiotics) and
incubatea cells overnight. The cells should be approximately 50% confluent
an the da infection & (Day 2).

shRNA Support Reagents

NOTE: It is possible to use other plate formats for transduction as well, In this case, the amount

; ! ! Support Products
of cefls should be adjusted depending on the growth area of the well or plate,

DAY 2

+ Prepare a rnixture of complete medium with Polybrene®: (sc-134220} at a
final concentration of 5 ug/mt.

« Remove media from plate wells and replace with 1 mi of this Polybrane/
media mixtura per well (for 12-well plate).

NOTE: Polyhrene is a poiycation that neutralizes charge interactions to increase binding
between the pseudoviral capsid and the cellular membrane. The optimal cencantration of
Polybrana depends on cell type and may need to be empirically detarmined {(usually in the range
of 2-10 pg/mi}. Excessive exposure to Polybrene (>12 hr) can be toxic to some cells.

« Thaw lentiviral particles at room temperature and mix gently before use.

« Infect cells by adding the shRNA Lentiviral Particles to the cuiture.

« Swirl the plate gently to mix and incubate overnight. The amount of viral
particles to use varies greatly depending on the characteristics of the cell
line used.

NQTE: Keap thawed shRMA Lentiviral Particles on ice. Repeated freeze-thaw cycles and
profonged exposure of the particles to ambient temperatures may result in decreased virai
titers.

NOTE: ‘When transducing 3 shRNA fentiviral construct into a celf for the first time we suggest
using several amounts of shRNA lentiviral particle stock. In addition, we racommend to include
ana well with calls transduced with Control shRMNA Lentiviral Particles {sc-108080}

NOTE: Use copGFP Contro! Lantiviral Particles (sc-108084) for measuring transduction
efficiency.

DAY 3

+« Remove the culture medium and replace with 1 ml of complete medium
{without Polybrene).
+ Incubate the ceils overnight,

DAY 4

» To select stable clones sxprassing the shRNA, split cells 1:3 to 1:5,
depending on the cail type, and continue incubating for 24-48 hours in
complete medium.

DAY 5-6 and forward

« Select stable clones expressing the shRNA via Puromycin dihydrochloride
{sc-108071) selection.

« For puromycin salection, use an amount sufficient to kil the non-transduced
cells, Puromycin concentrations ranging from 2 to 10 &mico;g/ml ara usually
sufficient, but a puromyain tritation is recommended when using a new cell
line,
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puromycin-containing medium every 3-4 days,
n be identified. Pick several colonies, expand them
ShRNA exprassion,

resistant <
assay tn

NOTE: Resuiting puromycin-resistant clones may hava varying leveis of shRMA exprassion due
to the random integration of the lentivirai construct into the genome of the cell.

NOTE: For shRMA expression analysis by Western Blot, prepare cell lysate as follows:

* Wash cells once with PBS.

o Lyse cellsin 100 plof a 111 mixture of 2x Electrophoresis Sample Buffer (sc-
24945) and RIPA Lysis Buffar (sc-24948) by gently rocking the 12-welil plate

or by pipetting up and down.

+ Sonicate the lysate on ice if necessary.

NOTE: For shRMA axprassion analysis by RT-PCR, isclate RNA using the method described by P
Chomczynski and M. Sacchi {1987, Single-step method of RNA isolation by acid guanidinium
thiccyanate-phenal-chiorsform extraction. Anal. Biochern. 162: 156-159) or a comunerciaily
available RNA isciation kit

BIO SAFETY

Lantiviral particles can ba amployead in standard Biosafety Level 2 tissue cuiture facilities and
should be treatad with the same level of caution as with any other potentiaily infacticus
reagent). Lentiviral particles are replication-incompetent and are designed to self-inactivata
after transduction and integration of shRNA constructs into genomic DNA of target celis,

Copyright @, 2007-2011, Santa Cruz Biotechnology. Inc. Al Rights Reserved. LEGAL

http://www.scbt.com/protocol_shrna lentiviral particles_transduction.html 8/29/2011
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|BACKGROUND e i i

ATIONS r:} AP r{ﬂ

Connective tissue grc)wth factor (CTGF also krmwn as hvperlrouhlc chtmdm

cyte-specific gene product 24 or HCS24), is a member of the CCN family of
immediate early proteins, which are involved in cell proliferation, migration
and matrix production. CTGF is a cysteine-rich peptide that is secreted by
endothelial cells, fibroblasts, smooth muscle cells and myofibroblasts. Its
expression is increased in various human and animal fibrotic diseases. Specif-
ically, CTGF was observed to be strongly upregulated in human proliferative
and fibrogenic renal disease. In addition, CTGF is a growth factor for vascular
smooth muscle cells (YSMC), and it may play a similar role in promoting
VSMC growth and migration in vitro.

|REFERENCES

1. Fan, WH., et al. 2000. Cmnecnve tissue gaowth factor C?GF)stlmu ates
vascular smooth muscle cell growth and migration /n vitro. Eur. J. Cell Biol.
79: 915-923.

2. Hirasaki, S, et al. 2001. Expression of nov, Cyr61 and CTGF genes in human
hepatoce!lular carcinoma. Hepatol. Res. 19: 294-305.

3. Ehrchen, J., et al. 2001, Expression and regulation of osteopontin and
connective tissue growth factor transcripts in rat anterior pituitary.
J. Endocrinol. 169: 87-96.

4 Nakanishi, T, et al. 2001. Overexpression of connective tissue growth
factor/hypertrophic chondrocyte-specific gene product 24 decreases bone
density in adult mice and induces dwarfism. Biochem. Biophys. Res.
Commun. 281: 678-681.

5. Kasaragod, A.B., et al. 2001. Connective tissue growth factor expression
in pediatric myofibroblastic tumors. Pediatr. Dev. Pathol. 4: 37-45.

|[CHROMOSOMAL LOCATION
Genetic locus: CTGF (human) mapping to 6g23.2.

CTGF shHNA {h) Lentiviral Partac!es is recan‘mended for the inhibition of
CTGF expression in human cells.

| SUPPORT REAGENTS

Control shRNA Lentiviral Partlcles sC- 108088 Avaléahie as 200 ul frozen
viral stock containing 1.0 x 108 lentiviral transducing particles per milliliter;
contains an shRNA construct encoding a serambled sequence that will not
lead to the specific degradation of any known cellular mRNA.

[GENE EXPRESSION MONITORING T

CTGF {L-20): sc-14939 is recommended as a control antibody f')r momtormg
of CTGF gene expression knockdown by Western Blotting (starting dilution
1:200, dilution range 1:100-1:1000) or immunofluorescence (starting dilution
150, dilution range 1:50-1:500).

To ensure optimal rasults, the following support {secondary] reagents are
recommended: 1) Western Blotting: use donkey anti-goat IgG-HRP: sc-2020
{dilution range: 1:2000-1:100,000) or Cruz Marker™ compatible donkey
anti-goat lgG-HRP: sc-2033 (dilution range: 1:2000-1:5000), Cruz Marker™
Molecular Weight Standards: sc-2035, TBS Blotto A Blocking Reagent:
sc-2333 and Western Blotting Luminol Reagent: sc-2048. 2} Immunofluo-
rescence: use donkey anti-goat IgG-FiTC: sc-2024 (dilution range: 1:100-

1:400) or donkey anti-goat lgG-TR: sc-2783 (dilution range: 1:100-1:400)
with UltraCruz™ Mounting Medium: sc-24941.

|RT-P
Semi-guantitative RT- PCR may be performed to monitor CTGF gene expression
knockdown using RT-PCR Primer: CTGF {h}-PR: sc-39329-PR {20 ul, 596 bp).
Annealing temperature for the primers should be 55-60° C and the extension
temperature should he 68-72° C.

BIOSAFETY

|PRODUCT

CTGF shRNA {h} Lentlvual Partlcles isa pool of concentrated t{ansdwztlon-
ready viral particles containing 3 target-specific constructs that encode
19-25 nt {plus hairpin} shANA designed to knock down gene expression. Each
vial contains 200 ul frozen stock containing 1.0 x 108 infectious units of virus
{IFU} in Dulbecco’s Modified Eagle's Medium with 25 mM HEPES pH 7.3. Suit-
able for 10-20 transductions. Also see CTGF siRNA (h}: sc-39329 and CTGF
shRNA Plasmid {h): sc-39329-SH as alternate gene silencing products.

The purchase of thls pmduct conveys to the buyer the nontransferabie rlght
to use the purchased amount of the product and all replicates and derivatives
for research purposes conducted by the buyer in his laboratory only {whether
the buyer is an academic or for-profit entity). The buyer cannot sell or other-
wise transfer {a} this product (b) its components or {c) materials made using
this product or its components to a third party, or otherwise use this product
or its components or materials made using this product or its compon
for Commercial Purposes.

Santa Cruz Biotechnelogy, Inc.  1.300.457 3801 831 457 3800

fax 931.457.3801

Lentiviral particles can be emploved in standard Biosafety Lg%’ssue
Eu_lt g facilities (and should be treated with the same level of caution
as with any other potentially infectious reagent). Lentiviral particles are

replication-incompetent and are designed to self-inactivate after transduc-
tion and integration of shRNA constructs into genomic DNA of target cells.

'STORAC

Store lentiviral particles at -80° C. Stab le for at least one year from the
date of shipment. Once thawed, particles can be stored at 4° C for up to
one week, Avoid repeated freeze thaw cycles.

See our web site at www.scht.com or our cazalog fou detaiied pmlocols
and support products.

VUL e 6 PYRCUASED

Europe +J080C 4573 8000 49622145030 www.schbt.com
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[BIOSAFETY

RNA interference (RNAI) is one of the most exciting discoveries of the past
decade in functional genomics and proteomics. While first recognized in
nematodes as a response to exogenously introduced long double-stranded
RNA (dsRNA), it is now clear that RNAi is utilized by most eukaryotes /n vivo
for anti-viral defense, transposon activity modulation and gene regulation, and
has rapidly become an important research tool for gene silencing. Specifically,
RNAI is the pathway by which short interfering RNA (siRNA) or short hairpin
RNA {shRNA) are used to silence the expression of target genes. Compared
to siRNA, shRNA offers advantages in silencing longevity and delivery.

Upon introduction, the shRNA plasmid DNA enters the cell where shRNA is
transcribed. The shRNA is then cleaved by an RNase lll-like enzyme called
Dicer into small interfering RNA (siRNA), which are short RNA duplexes of
19-21 nucleotides with two nucleotide 3' overhangs on each strand. The
SiRNAs are then assembled into endoribonuclease-containing complexes
known as RNA-induced silencing complexes (RISCs), unwinding in the process.
Activated RISCs subseguently bind to complementary transcripts by base
pairing interactions between the siRNA anti-sense strand and complementary
mRNA. The bound mRNA is cleaved and sequence specific degradation of
mRNA results in gene silencing. In mammalian cells, introduction of long
dsRNA {mare than 30 nucleotides) initiates a potent anti-viral response, exem-
plified by nonspecific inhibition of protein synthesis and RNA degradation.
The mammalian anti-viral response can be bypassed, howaver, by the intro-
duction of siRNAs or shRNA plasmid DNA.

Santa Cruz Biotechnology, Inc. currently offers more than 49,000 target spe-
cific shRNA Lentiviral Particles that encode 19-25 nucleotide (plus hairpin)
shRNAs that can be used to knock down protein expression in a broad variety
of mammalian cell types. Our preduct line includes shRNA lentiviral particles
designed to silence a large selection of proteins, including tumor suppressors,
transcription regulators, cell cycle proteins, membrane receptors, signaling
intermediates, kinases, cell adhesion proteins and proteins involved in lym-
phocyte signaling. In addition, for each shRNA Lentiviral Particles product,
we offer an appropriate "matched” control antibody for confirmation of tar-
geted mANA silencing by either Western blotting or fluorescence antibody
cell staining. We also offer appropriate buffers and non-targeted control
shRNA Lentiviral Particles.

|PRODUCT

Control shRNA Lentiviral Particles-A is a negative control for expenments
using targeted shRNA Lentiviral Particle transduction; Control shRNA Lentiviral
Particles encodes a scrambled shRNA sequence that will not lead to the spe-
cific degradation of any known cellular mRNA. After transduction, cells stably
expressing the control shRNA may be isolated via puromycin selection. Each
vial contains 200 pl shRNA lentiviral particles sufficient for 10-20 transduc-
tions.

[STORAGE |

Store lentiviral pamcles at -80° C. Stable for at least one year from the date
of shipment. Once thawed, particles can be stored at 4° C for up to one
week. Avoid repeated freeze thaw cycles.

Lentiviral particles can be ernploLd in standard Bmsafew Level 2 tissue cul
t.ue.tauh.tms {and should be treated with the same level of caution as with
any other potentially infectious reagent). Lentiviral particles are repli-cation-
incompetent and are designed to self-inactivate after transduction and inte-
gration of shRNA constructs into genomic DNA of target cells.

|shRNA LENTIVIRAL PARTICLES SUPPORT REAGENTS |

PRODUCT CAL#  DFSCRIPTION AMOUNT

Electrophoresis séé@&  Ready-lo-use reducing electrophoresis sample buffer 25 al;

Sample Buffer “ioo 0 solution for the preparation of protein samples to be 2)( nom'.&ntrata
© o separated in SDS-PAGE

RIPA Lysis §C-24348  For use in mammalian cell lysis; with protease inhibitors. 50 |:'al i

Buffer S Awailable in four vials: 1X lysis butfer, PMSF, protease e
.~ inhibitor cocktail and sodium orthovanadate.

Puromycin 56-108071  Available for selection and maintenance of cells

dihydrochloride - transfected with the puromycin-N-acetyl-transferase

. [pac) gene.

ISELECT PRODUCT CITATIONS =~ |
1. Pavlov, T.S., et al. 2010. Endothelin-1 inhibits the epnhehal Nat channel
through BPix/14-3-3/Nedd4-2. J. Am. Soc. Nephrol. 21: 833-843.

2. Fritz, R.D., et al. 2010. CNK1 is a novel Akt interaction partner that pro-
motes cell proliferation through the Akt-FoxO signalling axis. Oncogene
29: 3575-3582.

|RESEARCH USE L
For research use only, not for use in diagnostic procedures.

[PROTOCOLS

See our web site at www. scbtcnm or our catalog for detailed protocols
and support products.

Santa Cruz Biotechnology, Inc.  1.800.457.3801  831.457 3800

fax 831.457.3801

Europe  +00800 4573 8000 49622145030 www.scht.com
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A Third-Generation Lentivirus Vector with a Conditional
Packaging System

TOM DULL.! ROMAIN ZUFFEREY,” MICHAEL KELLY,' R. }. MANDEL,'
MINH NGUYEN,'! DIDIER TRONO,” ann LUIGT NALDINT'*

Cell Genesys, Foster City. California,' and Departinent of Genetics and Microbiology.
University of Geneva Medical School, Geneva, Switzerland®

Received ! June 1998/Accepted 21 July 1998

Vectors derived from human immunodeficiency virus (HIV) are highly efficient vehicles for in vivo gene de-
livery. However, their biosafety is of major concern. Here we exploit the complexity of the HIV genome to pro-
vide lentivirus vectors with novel biosafety features. In addition to the structural genes, HEV contains two regu-
latory genes, fat and rev, that are essential for HIV replication, and four aceessory genes that encode critical
virulence factors. We previously reported that the HIV type | aceessory open reading frames are dispensable
for efficient gene transduction by a lentivirus vector. We now demonstrate that the requirement for the faf gene
can be offset by placing constitutive promoters uvpstream of the vector transcript. Vectors generated from con-
structs containing such a chimeric long terminal repeat (LTR) transduced neurens in vivo at very high effi-
ciency, whether or not they were produced in the presence of Tat, When the rev gene was also deleted from the
packaging construct, expression of gag and pof was strictly dependent on Rev complementation in frans. By the
combined use of a separate nonoverlapping Rev expression plasmid and a 3' LTR chimeric transfer construct,
we achieved optimal yields of veetor of high transducing efficiency (up to 107 transducing units [TU]/ml and
10* TU/ng of p24). This third-generation lentivirus vector uses only a fractional set of HIV genes: gag, pol, and
rev. Moreover, the HIV-derived constructs, and any recombinant hbetween them, are contingent on upstream
elements and trans complementation for expression and thus are nonfunctional cutside of the vector producer
cells. This split-genome, conditional packaging system is based on existing viral sequences and acts as a
huilt-in device against the generation of productive recembinants, While the actual biosafety of the vector will
ultimately be proven in vivo, the improved design presented here should facilitate testing of lentivirus vectors.

Lentiviruses have attracted the attention of gene therapy
investigators (45} for their ability to integrate into nondividing
cells (8. 15, 16, 25. 26). We previously developed replication-
defective vectors from the fentivirus human immunodeliciency
virus (HIV) and showed that they transduce target cells inde-
pendent of mitosis {32). The vectors proved highly efficient for
in vivo gene delivery and achieved stable long-term expression
of the transgene in several target tissues, such as the brain (3.
33), the retina (31). and the liver and muscle of adult rats {21).
A major concern, however, is the biosafety of vectors derived
from a highly pathogenic human virus.

The complexity of the lentivirus genome may be exploited to
build novel biosafety features in the design of a retrovirus vec-
tor. In addition to the structural gag, pol, and env genes com-
mon to all retroviruses, HIV contains two regulatory genes, taf
and rev. essential for viral replication, and four accessory
genes, vif, vpr, vpu, and nef, that are not crucial for viral growth
in vitro but are critical for in vivo replication and pathogenesis
(27).

The Tat and Rev proteins regulate the levels of HIV gene
expression at transcriptional and postiranscriptional levels, re-
spectively, Due to the weak basal transcriptional activity of the
HIV long terminal repeat (LTR). expression of the provirus
initially results in small amounts of multiply sphiced transcripts
coding for the Tat. Rev, and Nef proteins, Tat increases dra-
matically HTV transcription by binding to a stem-loop structure
(transactivation response element {TAR]) in the nascent RNA,

* Corresponding author. Mailing address: Cell Genesys, 342 Lake-
side Dr., Foster City, CA 94404, Phone: (630) 425-4474. Fux: {650}
358-8636. E-mail: luigin@cellgenesys.com.
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thereby recruiting a cyclin-kinase complex that stimulates tran-
scriptional elongation by the polymerase 11 complex (46). Once
Rev reaches a threshold concentration. it promotes the cyto-
plasmic accumulation of unspliced and singly spliced viral tran-
scripts, leading to the production of the late viral proteins. Rev
accomptishes this effect by serving as a connector between an
RNA motif (the Rev-responsive element [RRE]), found in the
envelope coding region of the HEV transcript, and conmponents
of the cell nuclear export machinery, Only in the presence of
Tat and Rev are the HIV structural genes expressed and new
viral particles produced (27).

[n a first generation of HiV-derived vectors (32), viral par-
ticles were generated by expressing the HIV type 1 (HIV-1)
core proteins, enzymes, and accessory factors from heterolo-
gous transcriptional signals and the envelope of another virus,
most often the G protein of the vesicular stomatitis virus (VSV
G) (9) from a separate plasmid. In a second version of the
system. the HYV-derived packaging component was reduced to
the gag, pol, tai, and rev genes of HIV-1 (51). In either case, the
vector itself carvied the HIV-derived cis-acting sequences nec-
essary [or transcription, encapsidation, reverse transcription,
and integration (2, 4, 22, 24, 29, 30, 32, 35). [t thus encom-
passed, from the 5 to 3’ end, the HIV 53 LTR, the leader
sequence and the 57 splice donor site, approximately 360 bp of
the gag gene (with the gag reading frame closed by a syathetic
stop codon). 700 bp of the env gene containing the RRE and
a splice acceptor site, an internal promoter {typically the im-
mediate-early enhancer/promoter of human cytomegalovirus
[CMV] or that of the phosphoglycerokinase gene [PGK]), the
transgene, and the HIV 3° LTR. Vector particles are produced
by cotransfection of the three constructs in 293T cells (32). In
this design, significant levels of transcription from the vector
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LTR and of accumulation of unspliced genomic RNA occur
only in the presence of Tat and Rev.

Here, we demonsirate that the frgas-acting function of Tat
becomes dispensable if part of the upstream LTR in the trans-
fer vector construct is replaced by constitutively active pro-
moter sequences. Furthermore, we show that the expression of
rev in trans allows the production of high-titer HIV-derived
veetor stocks from a packaging construct which contains only
gag and pol. This design makes the expression of the packaging
functions conditional on complementation available only in
praducer cells, The resulting gene delivery system, which con-
serves only three of the nine genes of HIV-1 and relies on four
separate transcriptional units for the production of transducing
particles, offers significant advantages for its predicted bio-
safety.

MATERIALS AND METHODS

Transfer vector constructs, pHR ' CMY-LacZ and pHR'CMV-Luciferase have
been described elsewhere (323, pHRZ is a lentivirus transfer vector in which whe
pulydinker and downstream nef sequences up to the Kprl site of pHR ' have been
replaced with a ChrbSpel:SnaBLiSnal/BamHlSacl:EcoRE polylinker. pHRZ was
generaied by replacing the 3.7-kb Clal-Sacl fragment of pHR'CMViaeZ with 3
607-bp Clal-SucT fragment generated by PCR using pHR'CMVIacZ as the em-
plate with oligooucleotide primers 3-CCATCGATGGACTAGTCCTACGTA
TCCCCGGGGACGGGATCCGCGGAATTCCGTITAAGACCAATGAC-
37 and 3-TTATAATGTCAAGGCCTCTC-3'. followesd by digestion with Clul
and Sucl.

PHRIPGK-NGFR. pHRICMV-NGFR. and pHR2IMFG-NGFR are fentivirus
transfer veclors in which the truncated low-allinisy penve geowth factor recepror
(NGER) {6) transgenes under the control of the murine PGK, human CMV. and
Moloney leukemia virus (MLV) promoters, respectively. huve been inserted into
the pulylinker of pHR2, The pHRZPGK-NGFR transgene encodes ne inlron se-
guences, the pHR2UMV-NGER vector includes the intvon from plaswid pMD (34),
and the pHRZMFG-NGFR vector contains the MLV intron [rom MFG-S {34}

pRRL. pRLL. pCCL, and pCLL ure lentivirus transfer vectors conraining
chimeric Rous sarcoma virus (RSV)-HIV or CMV-HIV 3 LTRs and vector
backbones in which the simian virus 40 polvadenviation and (enhancerless)
origin of replication sequences have been included downstream of the HIV 3
L TR, replaging most uf the human sequence remaining from the HiV integra-
tion site, B pRRL, the enhancer and promoter (nucleotides ~233 to - | relative
o the transcriptional start site; GenBank accession no. 302342) from the U3
region of RSV are joined to the R region of the HiV-1 LTR. Tn pRLL, the RSV
enhancer (nucleotides ~233 o -30) sequences are joined to the promoter
region (Frowy position ~ 78 relative Lo the transeriptional start site} of HTV-1.
[a pCCL, the enhancer and promoter {aucleotides —n73 to —1 relative to the
iranscriptional start site; GenBank accession no. KO3 1(4) of CMV were joined to
the R regien of HIV-1, Tn pCLL. the CMV enphancer (nueleotides —672 1o - 220)
was joined to the promoter region (position —78) of HIV-1. Exact sequences and
details of constructivn are available on request.

pHR2WPGK-GFE. pCCLIPGK-GFP. pCLLhPGR-GFP. pRRLAIPGK-GFP.
and pRLLOPGK.GEP ace lentivirus wansfer vectors containing the enhanced
green Buorescent protein (eGFPY (730-bp BumHI-Nurl fragment from pEGFP-
I; Clenteck) cading region. under the control of the human PGK promoter
{nuclentides 5 to 516; GenBank accession no. M11938), inserted into the poly-
Tinker region of each parental vecter. pRRLGEP was obtained by deletion of the
Vhel-BamBI (ragment containing the PGK promoter from pRRLIPGK-GFP,

pRRLEPGK.GFP.SIN-18 is a vector in which 3" LTR sequences from —34{8 to
- 18 relative to the U3/R border have been deleted from pRLLWPGK.GEP (323,

Packaging constructs, The far-defective packagivg construct pCMVARA G
was abtained by swapping an EcoRI-Sucl fragment from plasimid R7/pneo(—)
(12} with the corresponding fragment of pCMVARS.SL, a previously described
plasmid cxpressing Gag. Pol. Tat, and Rev (51), This fragment has a defetion
affecting the initiation codon of the tat gene and a frameshift created by the
insertion of an Ml linker into the Bsu36l site as described previously.
pCMYARSE 74 s a derivative of pCMVARE. 91 in which « [33-bp Sucll frugment.
containing a splice donur site, has been deleted from the CMV-devived region
upstream of the HIV sequences to optimize expression.

pMDLgp is 2 CMV-driven expression plasmid thal contains only the gug and
pol coding sequences from HIV- L. First, pkar2Lg/p was constructed by ligating a
4.2-kb Clal-EcoR] fragment from pCMVARS TS with 2 3.3-kb EcoRI-Hind]IL
fragment from pkai (14) and a 0.9-kb Hind[i-Neol fragment from pkar2 along
with an Neol-Clal linker consisting of synthetic oligenuclectides 3 -CATGGGT
GCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGAT-3 and 5°-CG
ATCTAATTCTCCCCCOGCTTAATACTGACGCTCTCGCACC-Y. Next.
pMDLgp was constructed by inserting the 4.25-kb EcoRT fragment from
pkat2Lgp into the EcoR1 site of pMD-Z. pMD-2 is a derivative of pMD.G (34)
in which the pXF3 plasmid backbose of pMD.G has heen replaced with a
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minimal pUC plasmid backbone and the 1.6-kb VSV G-encoding EcoRI frag-
ment has been removed.

pMDLepRRE differs from phDLgp by the addition of a 374-bp RRE-coa-
wining sequence from HIV-1 (HXBZ) immediately downstream of the pol cod-
ing sequences. Te generate pMDLepRRE, the 374-bp Notl-HindIIT RRE-con-
taining tragment from pHR3 was ligated into the 9.3-kb Notl-8g/1] fragment of
VL1393 (Invitrogen) slong with a HindlI1-8g{1l uligonucleotide linker consist-
ing of synthetic oligonucleotides 3-AGCTTCCGCGGA-3 and ¥-GATCTCC
GCGGA-3 1o generate pVLIZIRRE {pHR3 was derived from pHR2 by the
removal of HIV env coding sequences upstream of the RRE sequences in
pHR2Y A Norl site remains at the junction between the gag and RRE sequences.
pMBDLg/pRRE was then constructed by igating the 380-bp EcoRI-Sy1E [ragment
from pV1393RRE with the 3.15-kb SyT-Ndel fragment from pMD-2FTX (pMD-
IFIX is a human factor [X-containing variant of pMD-2 which has an 8511 site
at the 37 end of the factor IX insert). the 2.25-kb Ndel-Avril fragment from
pMBDLyp. and the 2.09-kb Avrll-EcoRI fragment from pkatlig/p (14).

pRSV-Rev and pTK-Rev (generous gilts of T. Hope, Saik Institute) are rev
cDNA-espressing plasmids in which the joired second and third exans of HIV-1
rev are under the transcriptional contrel of the RSV U3 and herpes simplex virus
ivpe | thymidine Rinase (TK) promoters. respectively. Both expression plasmids
utitive polvadenylation signal sequences from the HIV ETR in a pUCEIS plas-
mid backboae.

Vector production and assays. Vectors were produced by transient transfec-
tion inte 2937 cells as previously described {33). with the Tollowing modifications.
Atotal of 3 % 106% 293T cells were seeded in 10-cen-diameter dishes 24 h prior (¢
transfection in lscove muadified Dulbecco culture medium (JRH Bicsciences)
with 10¢% fetal bovine serum, penivillin (100 [U/ml). and streptomycin {300
pgml} in a 5% CO, incubator, and the culture medium was changed 2 b prior
to transfeetion. A total of 20 g of plasmid DNA was used for the (ransfection
of nne dish: 3.5 pg of the envelope plasmid pMBD.G. 6.5 ng of packaging plasmid,
and 10 pg of ransfer vector plasmid. The precipitate was formed by adding the
plasmids to a finai volume of 450 gl of 9.1 TE (1 TE is 10 mM Tris [pH 3.4]
plus } mM EDTA) and 50 pl of 2.5 M CaCl., mixing well, then adding dropwise
300wl of 2x HEPES-butfered saline {281 mM NaCl, 100 mM HEPES, 1.5 mM
Nu,HPO, {pH 7.12]} while vorlexing and immediately adding the precipitate to
the cultuzes. The medium (10 ml) was replaced after 14 to 16 b; the conditioned
medium was collected after another 24 h, cleared by low-speed centrifugation.
and filtered through 0.22-pm-pore-size cellulose acetate filters. For in vitro ex-
periments, serial dilutions of freshly harvested conditioned medium were used o
infect 107 cells in a six-well plate in the preseace of Polybrene (8 pg/nd). Viral
p24 antigen concentration was determined by immunocapiure {Alliance: Du-
Pont-NEN). Vector batches were tested for the absence of replication-compe-
tent virus by monitoring p24 antigen expression in the culture medium of trans-
dured SupT1 lvmphoceytes for 3 weeks. To all cases tested, p24 was undetectable
(detection fimit, 3 pgimit once the inpui antigen had heen eliminated from the
culture. Transducing activity was expressed in transducing units (TU).

Northern blot analysis. Total RNA was isolated from 1 X 1070 2+ 107 cells
harvested at confluence by using RNAsol B as suggested by the manufacturer; 10
to 20 kg of RNA was loaded per weli on 1% agarose gels, using NosthernMax
{Ambion, Austin, Tex.) reagents as described by the manufacturer. Fransfer was
tu Zetabind membranes (Cuno Iac., Meridien. Conn. ) by either capillary transfer
or pressure biotting (Stratagene). *2P-labeled probes were made by random prim-
ing.

Intracerebral injection of vectors. Twelve Fischer 344 maie rats weighing
approximately 220 p were obtained from Harlan Sprague-Dawiey ([ndianapolis.
Ind.). The rats were housed with access to ad libitum food and water on a 12-h
light/dark cycle and were wmaintained and treated in accordance with published
National institutes of Health guidelines. All surgical procedures were performed
with the raws under isotturane gas anesthesia, using aseptic procedures. Afier a
rat was anesthetized in a sleep box, it was placed in a smail animal stereotaxic
device {Kopf Instruments. Tujunga, Calit.) using the earbars. which do not break
the tympanic membrane. The rats were randomly divided mte one control and
four treuument groups. After the rats were placed in the steregtaxic frame, 2 pl
of lentivirus vector concentrated by ultracentrifugation at 50.000 4 g for 140 nun
at 20°C {33} in phosphate-buffered saline {PBS) was injected consecutively into
the striatum it beth hemispheres over 4 min at a rate of 0.3 plimin {eoordinates,
AP 0.0, LAT =30, DV ~335, ~3.3, ~3.5 with the incisor bar set at 3.3 mn
below the intra-aural line {36}), using a continuous-infusion system as described
previously in detail (28}, During the injection. the needle was slowly raised 1 mm
in the dogsal direction every 40 s (3-mm total withdrawal}. One minue after
cassation of the injection. the neadle was cetracted an additional 1 nane and then
lett in place for an additional 3 mia before being slowly withdrawn from the brain.

Histolegy, One month after vector injection, each animal was deeply anesthe-
tized with intraperitoneal pensobarbital and perfused through the acrta with
sterile PBS, followed by ice-cold 4% paraformaidehyde perfusion. The brains
were remaved from the skuils, postfixed in 4% paraformaldehyde by immersion
for 24 h, and then transferred into 1 30% sucrose—PBS solution for 3 to 4 days.
until the braing sank (o the Boltom of their containers. The brains were then
frozen on dry jce, and 40-pm-thick coronal sections were cut on a sliding micro-
tome. Sections were collevted in series in microtiter well plates that contained a
glyeerin-based antifreeze solution. and they were Kept at = 30°C until further
processing. Emmunocytochemistry was performed according to the general pro-
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FiG. 1. Northern analysis of the RNA expression fram lentivirus vectors. Three pHR2 vectors carrying an expression cassette For the same transgene (uuncated
low-atfinity NGFR) and driven by three different promoters (PGK, CMV. and retroviral MF(G) were analyzed in producer and transduced cells. Total RNA was
extracted and analvzed by Northern blotting with & probe specific for the transgene sequence. (A) Schematic of the vector construet depicts the species of RNA driven
by the internal promoter (Prom.: broken arrow. shorter transcript) and the viral LTR {solid arrows. longer transeripts: the two species differ for the splicing of the viral
iatreng. The splice donor and acceptor sites {SD and SA). the packaging sequence (W), the truncated yag sequence {GGA), and the RRE are indicated. (B} The vector
constructs were transieeted in 293T cells without or with the packaging construct. {C) Veceor particles produced by the 2937 transfectants were used to rransduce Hela
cells. In the absence of the viral transactivators, supplied by the core packaging construct only in the producer cells. vector expression occurs mainky from the internal
promoter. Note the dramatic enhancement of the upstream transeription and the accumulation of unspliced RNA {carrying the W sequence} in the presence of the
packaging construct, In the transcuced velis, the LTR is silenced. Note that the three expression casseties differ in the size of the promoters und 57 untransiated
sequence, In each case. the smallest RNA species represents transcripts initiated from the internal promoter, while the intermediate-size and larger species correspond

to spliced aad uaspliced LTR-driven RNAs. respectively.

cedure described previously (44). After several PBS rinses and an incubation in
3%e hydrogen peroxide. the sections were placed in a 3% normal goat serum. The
sections were then incubated in the primary anti-GFP antibody ¢ 1: 1L.000; Clon-
tech, Palo Alto, Calif.) in 1% normat goat serum-4), 1<% Triton X-100 overnight
ar room temperature. After rinsing, the sections were incubated in the biotin-
vlated rabbit anti-goat secendary antibody (Vector. Burlingame, Calif.) for 3 h.
After rinsing. the sections were incubated with horseradish peroxidase-strepta-
vidin and then reacted by using a purple chromagen kit {VIP; Vector), mounted.
dried, dehydrated, and coverslipped.

RESULTS

Tat is required to produce a vector of efficient transducing
activity, To investigate the role of Tat in the production of
transducing particies, expression from lentivirus vectors was
first examined by Northern analysis {Fig. 1). The patterns of
RNAs induced by lransfer vectors in which the transgene was
driven by an internal PGK. CMV, or retrovirus MFG promoter
were sludied in both producer and target cells. In transfected
293T cells, expression occurred mainly from the internal pro-
moter. When a packaging construct expressing both Tat and
Rev was cotransfected, a dramatic enhancement of transcrip-
tion from the LTR was observed, with an accumulation of
unspliced vector RNAL [n cells transduced with the vectors,
that is. in the absence of Tat and Rev, transeription from the
LTR was almost completely suppressed, the residual tran-
scripts underwent splicing, and the internal promoter was re-
sponsible for most of the expression.

A packaging plasmid carrying two mutations in fa¢ (pCMVAR
8.93) was then constructed. The first mutation is & deletion of
the T in the ATG initiation codon of the rat gene; the second
is an insertion of a Mlut linker producing a translation stop
codon after residue 46 of the Tat protein. These changes con-
fer a tai-defective phenotype to HIV-1 (12). After transfection
of the control or far-defective packaging constructs into 293T
cells, comparable yields of vector particles were recovered in
the culture medium, as assayed by using the Gag p24 antigen
(see Table 3). Such Tat independence was expected from the
replacement of the HIV LTR by the constitutive CMV pro-
moter in the packaging construct. However, the particles pro-
duced in the absence of Tut had a dramatically reduced trans-
ducing activity {(Table 1} 3 to 13% of that of particles
produced by the controf Tat-positive packaging construct.

We also tested whether the Tat-detective phenotype could
be rescued by complementation in target cells {Table 1). HeLa-
tat ceils, a cell line expressing Tat from the HIV-1 LTR (13),
were ransduced by vectors produced with or without Tat, The
expression of Tat in target cells did not compensate for the loss
in transduction efliciency of vector produced without Tat.

As expected from the Northern anailysis, functional inacti-
vation of the /at gene resulted in a lower abundance of vector
RNA in producer cells. This was indicated by the decrease in
luciferase activity in cells producing a luciferase vector without
an internal promoter. In this case, transgenc expression di-

TABLE . Transducing activities of lentivirus vectors made with
and without a functional fat gene in the packaging construct”

Mean transducing activity
(TUsng of p24) = SE*

Transler vecior Targer " . . )

cells Witk fat in Without twt

packaging in packaging
conslruct cunstruct
pHR'CMV-LacZ 293T L0sS6 + 34 13226

pHR2PGK-eGFP Hcla 5,660 384

pHR'CMV-Luciferase Hel.a 3000 = 132 152 £ 26
HeLa-tat 3777 £ MR 486 £ 30

pHR "Luciferase” Hela 40 £ 1 (.3 = 0.003
Hela-tat 3296 = 276 174 =75

“ Vectors were produced by iranstection of the indicated transfer vecror. a
packaging construct either with (pCMVARS.911 or withoul (pCMVARSRSS) a
funetional fur gene. and plasmid pMD.G into 293T cells. Sedal dilutions of
transfectant conditivned medium were incubated with the indicared eells, and
the cultures were scored after 3 days. For caleulating transduction sctivity, sam-
ples were selected from the linear portion of the vector dose-response curve,

f LacZ transduction was measured by 5-bromo-$-chloro-3-indolyl-8-o-galic-
topyranaside {X-Gal) staining and by expression of the number of blue cell
colonies as a function of the amount of p24 antigen in the inoculum. ¢GFP
transduction was measured by FACS apalysis, multiplving the fraction of flug-
rescent cells by the number of infected cells, and expressing the resull as a
function of the amount of p24 antigen in the mocutum. Luciferase transduction
was measured by luminescence in RLU above background of 50 wl of cultere
extract and dividing the number of RLU % 1077 by the number of napugrams of
p2d antigen in the inocutum. Means of duplicate (pHR2 PGK-eGIP) or tripli-
cate {ull ether constriucts} determinations are shown.

“ Without internal promoler.
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FIG. 2. Transcriptional activities of wild-type and 5 chimeric vector con-
structs in the absence and presence of Tat. {A) Control pHR2 and the §°
chimeric pRRL transfer construct carrying a PGK-eGFP expression cassette
were transfected into 293T cells with a packaging construct having a functionai
(PCMVARAS.91; grey line) or inactive (pCMVARS.93; black line) tet gene. GFP
expression was analyzed by FACS. The filled area represents nontransfected
cells. In the absence of Tat, the chimeric construct yielded a level of GFP
expression higher than that achieved by the pHR2 censtruct. Both constructs
were further upregulated by Tat. (B} A pRRL construct carrying the eGFP gene
without an internal promoter was transfected with a packaging construct carrying
a functional (grey line, open area} or inactive (black line, open area) tat gene.
Direct upregulation of the chimeric promoter by Tat was abserved. The filled
area represents nontransfected cells.

rectly retlects the abundance of transcripts originating from the
LTR. 2937 cells producing luciferase vectors without Tat had
only 5% ol the fuciferase content of cells producing the same
veetor with Tat ([LO = 0.2} x 10Y relative light units [RLUY
dish without Tat: {20.2 = 0.7} x 10” RLU/dish with Tat). This
ratio corresponded very closely to that observed in cells trans-
duced by either type of vector in the course of the same ex-
periment (Table L}, suggesting that the abundance of vector
RNA in producer cells is a rate-limiting factor in the transdue-
tion by fentivirus vectors.

One could thus conclude that Tal s required in producer
cells to activate transcription from the HIV LTR and to gen-
erate vector particles with a high transducing activity.

The tat requirement is offset by placing a constitutive pro-
mater upstreain of the transfer vector. It the only function of
Tat is rans activation of vector transcription from the LTR. the
tat-defective phenotype should be rescued by placing a strong
conslitutive promoier upstream of the vector transcript. Three
transcriptional domains have been identified in the HIV pro-
moter in the U3 region of the LTR: the core or basal demain,
the enbancer. and the modulatory doatain (27). Transcription
starts at the U3R boundary. the frst nucleotide of R being
numbered |. The core promoter contains binding sites for the
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TATA-binding protein (—28 to ~24) and SP-1 (three binding
sites between — 78 to —43). The enhancer contains two hinding
sites for NF-kB which overlap with a binding site for NFATe
{— 104 to —81). The modulatory domain contain binding sites
for several cellular factors, including AP-1 (=330 to —293),
NFAT-1{—256 to ~28), USF-1{—166 to —161), Ets-1 {—149
to — 141}, and LEF (- 136 to —L25). A panel of 3' chimeric
transfer constructs carrying substitutions of either all or part of
the U3 region of the 5° LTR was generated. All substitutions
were made to preserve the transcription initiation site of HIV.
Partial substitutions joined new enhancer sequences to the
core promoler of the HIV LTR (=78 to 1). while full substi-
tutions replaced also the promoter, pRLL and pRRL vectors
carried the enhancer and the enhancer/promoter, respectively.
of RSV: pCLL and pCCL vectors carried the enhancer and the
enhancer/promoter of human CMV,

Control pHR2 and 5' chimeric transfer constructs carrying a
PGK-eGFP expression cassette were tested by transfection of
293T cells with control or tasr-defective packaging constructs.
and the expression of the eGFP transgene was analyzed by
fluorescence-activated cell sorting (FACS). The RRL chimeric
construct yielded a higher level of ¢GFP cxpression than the
pHR2 vector, reflecting the constitative transcriptional activity
of the new sequence (Fig. 2A). Interestingly. the chimeric
vector also displayed upregulation by Tat, as shown by the
increased eGFP expression of cells cotransfected with the con-
trol packaging construct. Tat upregulation was proven to be
a direct effect by transfecting a pRRL-eGFP vector lacking
an internal promoter with control or (af-defective packaging
constructs and analyzing GFP expression by FACS (Fig. 2B).
Comparable results were obtained with the other chimeric
LTR vectors {not illustrated). Vector particles were then col-
lected from the transfected producer cells and assayed for
transduction of eGFP into Hela cells and human primary
lymphocytes (peripheral blood lymphocytes [PBL]). As shown
in Table 2, all vectors had efficient transducing activity, as
assessed by endpoint titration on HeLa cells or maximal trans-
duction frequency of PBL. The vector produced by the pRRL
chimera was as efficient as that produced by the pHR2 con-
struct and was selected to test transduction independent of
Tat. As shown in Table 3, the pRRL construct yielded a vector
of only slightly reduced transducing activity (609) when the
packaging construct was tar defective. The residual effect of

TABLE 2. GFP transduction by lentivirus vectors made by transfer
constructs with a wild-type or 5’ chimeric LTR

Endpoint titer on Transducticn efficiency on

Transfer

HeLa cells human lymphocytes
construct (TU/miy: {% positive cells)®
pHR2 23 x 107 30
pCCL 4.6 % 108 14
pCLL 7.9 x 10° 18
pRRL 1.8 x 197 29
pRLL 8.9 x 199 18

“ Determined by multiplying the percentage of flucrescent cells for the vector
dilution and the number of infected cells. Samples were selected from the lingar
portion of the vector dose-response curve,

b Pereentage of fluorescent human PBL after infection of 10° cells with 1 ml of
vector containing medium. Primary human T lymphocytes were isolated and
transduced as previously deseribed (14). Vectors cartying a PGK-eGFP expres-
sion cassette were produced by transfection of the indicated transfer construct,
the packaging plasmid pCMVARS.51, and the envelope plasmid pMD.G into
293T cells. Fluorescent cells were scored by FACS analysis 6 days after trans-
duction. Data are averages of duplicate determinations for a representative
experiment of three performed.
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TABLE 3. GEP transduction inte Hela cells by lentivirus vectors
made by triansfer constructs with a wild-type or 5 chimeric LTR
and packuging constructs with or without a funclional et gene!

fal gene in Fransduction

Transfer packaging Endpoint titer  p24 antigen efficiency
CONSLLCL cnnst;uc? (Tlml) (ng/mly (TUng of I')Z-U
pHR2 + 1 297 13.805
pHR2 - 24510 343 440
pRRL + L3~ 1 546 23810
pRREL - 4.9 x |4° 344 14.244

Y Weetors carrying o PGR-eGFP expression cassette were produced by mans-
fection of the indicated transfer and packaging plasmid plus plasmid pMDLG inw
293T cells. Serial Jilutions of transfectant conditioned medium were incubated
with Hela cells, and the cultuves were scored after 6 days, For calculating
endpaint titers, samples were selected from the linear porticn of the vector
dose-response curve. Data are averages of duplicate determinations for a rep-
rescatative experiment of fve performed.

Tat on transduction was in agreement with the ability of Tut to
upregulate transcription from the chimeric LTR.

The use of the chimeric LTR construct allowed removal of
Tat from the packaging system with a minimal loss in the
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transduction efficiency of the vector in vitro. To fest vector
performance in the more chalienging setting of in vivo delivery
into brain neurons. high-titer vector stocks were generated
from the pHR2 and pRRIL constructs with and without Tat.
The four stocks of eGFP vector were matched for particle
content by p24 antigen and injected bilaterally in the neostriata
of groups of three adult rats. The animals were sacrificed after
1 month, and serial sections of the brain were analyzed for
eGFP flyorescence (not shown) and immunostained by anti-
bodies against ¢eGFP (Fig. 3). The results obtained in vivo
maiched the in vitro data. Vector produced by the pHR2
construct only achieved significant transduction of the neurons
when packaged in the presence of Tat. Vector produced by the
pRRL chimera was as efficicnt when made with or without Tat.
The transduction extended throughout most of the striatum
and reached a very high density of positive cells in the sections
closest to the injection site. No signs of pathology were detect-
able in the injected tissue, except for a small linear scar mark-
ing the needle track, by hematoxylin and eosin staining of the
sections {data not shown).

These results provide evidence that Tat is dispensable for
eftficient transduction by a lentivirus vector.

FIG. 3. In vivo transduction of ¢GFP into brain cells by lentivirus vectors produced with and without Tat. Vectors carrving a PGK-eGFP expression casseite were
produced by the pHR2 (A and B) or the 3 chimeric pRRL {€ and D) transfer construct and a packaging construct with (pCMVYARS.94 A and ) or without
(PCMVARS.Y3; B and D1 a functional er gene. concentrated by vliracentrifugation. and normalized for particle content prior to injection inlo the corpora siciata uf
adult vats. One moath after injection, brain sections were stained for immunoreactivity to the GFP protein. While both types of vectors transduced neurons very
efficiently when made with Tat. only the vector made by the chimerie transfer construct worked as well when produced without Tat. Representative sections close o
the injection site are shown for one of six striata injected pee each type of vectar. The bac in panet B represenis | men; that in the inset in panel A represents 100 pum.
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TABLE 4. GFP transduction inte Hela cells by lentivirus veetors
made by linked or split packaging constructs and
a pRRL transfer construct®

: . 24 E: ndpsi
Packaging Separate e p Emdpnng Transduction

o IS antigen titer efficiency

CONILIUCL piasmid lngr"%ni] (TUmlp  (TUing of p24)
PCMVARE 364 1.07 x 107 29436
pMDLg/pRRE =01 ND NA
pMDLEPRRE  TK-Rev, 3 pg 20 6.9 4 W7 23,793
pMDLgpRRE  TK-Rev, 12 pg Od 202 e 21489
pMDLg/pRRE  RSV-Rev, 2.5 pg 774 O 17 13,495
pMDLgpRRE  RSV-Rev, 5 pg b 7.6 < 100 0,76k
pMDLgpRRE  RSV-Rev, 12 g 365 18 x 10 B.495

* Vectors carrviag a PGK-eGFP expression cassette were produced by the
transfection of 1 self-inactivating pRRI transfer construct {with a deletion in the
3" LTR [33]}. the indicated packaging and rer plasmuls, and plasmid pMD.G into
2937 cells. Serial dilutions of transfectant conditioned medium were incubated
with Hel.a cells. and the cuftures were scored after 6 days. For caleolating
endpeint titers, samples were selected from the linear partion of the vector
dose-respunse curve. Data are averages of duplicate determination fur a repre-
sentative experiment of three performed. ND. none detected (the detection Himit
of the assay was 107 TUmly NA, not applicable.

* The promater driving the expression of a svnthetic rev eDNA and the amount
of plasmid ransfected are indicated.

A new split-genome conditional packaging system. The pos-
sibility of deleting the far gene prompied us to explore a new
design of the packaging component of the HIV vector system,
in which two separate nonoverlapping eapression plasmids,
one for the gag and pol genes and the other for the rev genc,
were used. The gag and pol reading frames were expressed
within the context of the MDD cassette, which employs the
CMV promoter and intervening sequence and the human
8-globin poly(A) site (34). All HIV sequences upstream of the
gag initiation codon were removed, and the leader was modi-
fied for optimal fit to the Kozuk consensus for translation. This
construct, however, expressed almost no p24 antigen when
transfected alone in 293T cells. This observation is in agree-
ment with the previously reported presence of cis-repressive or
inhibitory scquences in the gag and pof genes {40, 41), The HIV
RRE was then imserted downstream of the pol geae, and the
resulting plasmid was cotransfected with a rev expression vec-
tor (Table 4). High levels of p24 antigen production were
observed in this case, the highest yields being obtained when
rev was driven by an RSV promoter. When the gag-po! and the
rev constructs were cotranstfected with the pRRL chimeric
transter vector and the VSV G-expressing plasmid, high-titer
vector was obtained in the culture medium. Both the vield of
particles and their transducing elficiency were similar to those
obtained with previous versions ol the system. Northern anal-
ysis of producer cells confirmed that unspliced vector genomic
RNA accumulated only in the presence of Rev (data not
shown). Thus, both the expression of the gag and pol genes and
the accumulation of packageable vector transcripts are depen-
dent on #rans complementation by a separate Rev expression
construct. Such a conditional packaging system provides an
important safety feature unavailable to oncoretrovirus vectors.

DISCUSSION

The predicted biosalety of a viral vector depends in part on
how much segregation of the cis- and irans-acting functions of
the viral genome is achieved by the vector design and is main-
tained during vector production. A vector particle is assembled
by viral proteins expressed in the producer cell from a con-
struct(s) stripped of the cis-acting sequences required for the
transfer of the viral genome to target cells {packaging con-
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struct). These cis-acting sequences are instead linked to the
transgene in the transfer vector. As the vector particle pack-
ages only the genctic information contained in this latter con-
struct, the infection process is limited to a single round without
spreading., Through recombination, it is possible that sc-
quences encoding viral proteins rejoin the cis-acting elements
of the transter vector. If the resulting recombinant expresses all
required functions, it is able to replicate (i.e.. it is a replication-
competent retrovirus [RCR]) and presents a risk to the recip-
ient. The formation of heterozygous vector particles conlaining
RNAs from both the packaging and transfer vectors, followed
by homelogous recombination during reverse transcription, is
the mechanism most often incriminated in the emergence of
RCR during the production of retroviral vectors. The likeli-
hood of this type of recombination is dependent on residual
cis-acting sequences in the packaging plasniid, allowing some
level of encapsidation, and on the extent of homology between
packaging and vector constructs (10).

A first strategy to improve the biosafety of a vector is (o
use nonoverlapping split-genome packaging constracts that
reguire multiple recombination events with the transfer vec-
tor for RCR generation. Earlier studies described several ap-
proaches to generate replication-defective HIV vectors (7, 35,
38, 42), However, these vectors could be produced only to
low infectious titers, were restricted to CD4-positive cellular
targets, and carried the risk of generating wild-type HIV
by recombination of the components. A major advance was
achieved when an improved vector design was combined with
the use of the envelope of another virus (32, 33, 39). The
lentivirus vector that we describe here is packaged by three
nonoverlapping expression constructs, two expressing HIV
proteins and the other expressing the envelope of a different
virus. Moreover, all HIV sequences known to be required for
encapsidation and reverse transcription (2, 22, 24, 27, 29, 30,
35} are absent [rom these constructs, with the exception of the
portion of the gag gene that contributes to the stem-loop struc-
ture of the HIV-I packaging motif (29).

A second strategy to improve vector biosafety took advan-
tage of the complexity of the lentivirus genome. The minimal
set of HIV-1 genes required to generate an efficient vector was
identified, and all other HIV reading frames were eliminated
from the system. As the products of the removed genes are
important for the completion of the virus life cycle and for
pathogenesis, no recombinant can acquire the pathogenetic
features of the parental virus. We previously demonstrated
that all four accessory genes of H1V could be deleted from the
packaging construct without compromising gene transduction
(51). In this work, we went further by deleting another factor
crucial for HIV replication, the far gene. Its product is one of
the most powerful transcriptional activators known and plays a
pivotal role in the exceedingly high replication rates that char-
acterize HIV-induced disease (18. 19, 47).

1t was found that Tat was required in producer cells to gen-
erate vector of efficient transducing activily but that this re-
quirement was offset by inducing constitutive high-level expres-
ston of vector RNA. Due to the low basal transcription from
the HIV LTR. Tat was necessary to increase the abundance of
vector transcripes and allow their efficient encapsidation by
the vector particles. When made in the absence of Tat, vector
particles had 10- to 20-fold-reduced transducing activity. How-
ever. when strong constitutive promoters replaced the HIV
sequence in the 3' LTR of the transfer construct, veciors made
without Tat exhibited a less than twofold reduction in trans-
ducing activity. As Tat strongly upregulated transcription from
the chimeric LTR. the transducing activity of the output par-
ticles must reach saturation. The abundance of vector RNA
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in producer cells thus appears to be a rate-limiting factor for
transduction until it reaches a threshold. Conceivably, an up-
per limit is set by the total output of particles available to en-
capsidate vector RNA. As the total particle output varied wilh
the types of vector and internal promoter used, this may ex-
plain the guantitative dilferences oblained in response Lo fat
deletion.

Suceessiul deletion of the raf gene was unexpected in view of
a reported additional role for Tat in reverse transcription (17,
20). While the reasons for this discrepancy are not obvious, it
should be noted that the transduction pathway of the fentivirus
vector mimics only in part the infection pathway of HIV, The
vector is pseudotyped by the envelope of an unrelated virus
and contains only the core proteins of HIV. without any ac-
cessory gene product. The VSV envelope targets the vector to
the endocytic pathway, and it has been shown that redirection
of HIV-1 from its normal route of entry by fusion at the plasma
membrane significantly changes the biology of the infection.
For example, Nef and cyclophilin A are required for the opti-
mal infectivity of wild-type HIV-1 but not of a (VSV G) HIV
pseudotype (1). It is also possible that the kinetics of reverse
granscription are more critical for the establishment of viral
infection than for gene transduction, given the differences in
size and sequence between the virus and vector genome.

Tat-independent transduction by an HIV-based vector was
recently reported by Kim et al. for in vitro cellular targets (23).
In the vector designed by these authors. however, Tat and Rev
were expressed from the transfer vector and thus were also
present in target cells. A CMV-HIV hybrid LTR was used: this
construct yvielded vector titers approximately 30% of that ob-
tained with an intact LTR, When the fa/ gene was inactivated,
the titer did not change. Srinivasakumar et al. {43) previously
seported a rather low (5- to 10-fold) dependence or Tat of an
HIV-based veetor produced by cells stably expressing the HIV
structural proteins. In this case. titers of 3 » 10° TU/ml with
Tat and 7 X 102 TU/mnl without Tat were obtained on Hel.a-
CD4 cells. Although these titers are much lower than those
reported here, the vector particles carried the HIV envelope,
an indication that Tat is not absolutely required for transduc-
tion by vector particles which in that case mirror more closely
the wild-type virus. It remained possible, however. that a depen-
dence on Tat may be revealed in more challenging gene deliv-
eries into the body tissues that are the actual targets of gene
therapy. This could have been due to a stricter Tat require-
ment for optimal transduction efficiency or for the production
of high-titer vector stocks or to differences in cell-type-specific
[actors. Our results now establish that Tat is fully dispensable
for lentivirus vector transduction even when high titers are
achieved and. most importantly, for gene delivery in vivo into
terminally differentiated neurons of an adult rat brain.

The Northern analysis of producer and target cells shows
that the Tat dependence of LTR-driven expression restricts the
production of vector genomic RNA to producer cells. This
applies as well to vectors made by the 5° chimeric constructs, as
the U3 sequences of both LTRs of the resulting provirus are
devived from the vector 3° LTR. However, the functional ve-
ptacement of the faf gene in the packaging construct by pro-
moter sequences upstream of the transfer construct makes
the generation of a transcriptionally active recombinant much
more unlikely. This will be even more significant in stable
producer cell lines that avoid the risk of plasmid recombination
during cotransfection,

We also exploited the Rev dependence of gag-pol expression
and of the accumulation of unspliced. packageable transcripts.
Yu et al. (30) previously showed that the dependence on Rev
can be used to make expression of HIV genes inducible. We
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RSV [BEY] polyA

RSV-Rev

S0 SA

13 SA

pRAL.SIN-18 pMD.G

FiG. 4. Schematic drawing of the BIV provirus and the four constructs used
to make a lentivirus vector of the third generation. The viral LTRs. the reading
frames of the viral genes. the major 37 splice donor site (80, the packaging
sequence (W), and the RRE are boxed and indicated in bold type. The condi-
tional packaging construct. pMDLgpRRE, expresses the gug and pof gencs from
the CMV promoter and intervening sequences and poiyadenylation site of the
human B-glubin gene. As the transcripts of the gay and pof genes contain cis-
repressive sequences, they are expressed ualy if Rev promotes their nuclear
export by biading to the RRE. All tar and rev exons have been deleted, and the
viral sequences upstream of the gag gene have been replaced. A nonoverfapping
construct, RSV-Rev, expresses the rev ¢DNA. The transfer vonstruct, pRRL.
SIN-18, contains HIV-1 cis-acting sequences and an expression cassette for the
transgene, It is the only portion transferred to the target cells aml does not
conlain wild-type copies of the HIV LTR. The 3 LTR is chimeric, with the
enhancer/promoter of RSV replacing the U3 region (RRL) to rescue the tran-
scriptional dependence on Tat. The 3 LTR has an almost complete deletion of
the U3 region. which includes the TATA box {from nuclentides ~418 1o — 18
relative to the U3/R border). As the latter is the template used to generate bath
copies uf the LTR in the integrated provirus, transductivn of this vector results
in wranscriptional inactivation of bath LTRs: thus, it is a sel{-inactivating vector
(SIN-18). The fourth construct. pMD.G, encedes a heterologous eavelope to
pseudotype the vector, here shown coding for VSV G, Only the relevant parts of
the constructs are shown,

describe a core packaging system split in two separate nonover-
lapping expression constructs, one for the gag and pol reading
frames optimized for Rev-dependent expression and the oth-
er for the rev ¢cDNA, This third-generation packaging system
matches the performance of its predecessors in terms of both
vield and Lransducing efficiency. However, il increases signifi-
cantly the predicted biosafety of the vector. It has been sug-
gested that the Rev-RRE axis could be replaced by the use of
constitutive RNA transport elements of other viruses, although
at the price of decreased efficiency (11, 23, 43). We would sug-
gest (that maintaining the Rev dependence of the system allows
for an additional level of biosafety through the splitting of the
HIV-derived components of the packaging system.

The conditional packaging system described here can be
combined with a self-inactivating vector construct carrying a
major defetion in the 3" LTR (32), This vector design (Fig. 4)
offers significant biosafety features. The contribution of HIV
is reduced 1o a fraction of cis-acting sequences in the vector,
leaving out in particular most of the LTR, and to only three
genes, gag. pol. and rev, in the packaging constructs, compared
with the nine genes necessary for the in vivo replication and
pathogencsis of wild-type HIV-1 (3, 18, 27, 49). The actual bio-
safety of a vector must be proven in vivo. However, given the
serious limitations of the available amimal models of HIV-
induced disease, the biosafety of HIV-derived vectors will ui-
timately be proven only in human hosts. Therefore, the vector
design must ensure the highest predictable biosafety for clini-
cal testing to be acceptable.

It is noteworthy that the fraction of the HIV.1 genome that
is left in the vector is probably smaller than could be achieved
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with any of the nonprimate lentiviruses, the genomic complex-
ity of which is lower than that of HIV-1 {37). Also, the risks
associated with the introduction in humans of a recombinant
arising (rom & nonprimalte lentivirus, even in a form thae in its
cognate animal species appears 0 be attenuated, are very
dillicult to assess, as illustrated by Lhe ongoing debate on xeno-
ransplantation (48). Tnn contrast, the alimost two decades spent
studying a virus that has now spread in tens of millions of
peopie worldwide have revealed a considerable amount of
information on the pathogenic features of HEV-1, in particular
on the dependence of virulence on a crucial set of viral genes.
Based on these data. we would like to suggesl that the HIV.-
based vectors described here are good candidates for the clin-
ical trial of lentivirus vectors in human gene therapy.
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