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IMMUNO-GENE THERAPY OF RAT GLIOMA WF1H TGF-[32 
ANTISENSE AND ] L - 2  GENE MODIFIED TUMOR CELLS 

R E. SOBOL, 0 DORIGO, D L SHAWL~R, H LIN. I Rt~'~I< )N .,\NI) 

H FAKt 1RAI 

W e  evalua ted  the eff icacy o f  i m m u n o - g e n e  therapy in the rat 9L g l ioma 

t u m o r  m o d e l  Like m a n y  human  gl iomas ,  9L cells secrete  TGF - ~ 2 ,  an 

i m m unosupp re s s ive  agent  which  inhibits normal  T cell act ivat ion We  

genetically modif ied  9L cells to  secrete  human IL-2  with the L N C X - i l L 2  
retroviral  vec to r  result ing in secret ion o f  103 units IL-2 /10  ~' cells/24 hr 

In addition, both  the  parental  and 1L-2 t ransduced 9L cells were  

t ransfected wi th  a TGF-132 antisense plasmid vec to r  to inhibit TGF-f32 

expression.  5 x l03 live parental  t umor  cells w e r e  implanted into the 

forebrain o f  the  animals  and immuniza t ions  w e r e  begun  4 days  later 
The  animals  w e r e  immunized  subcutaneous ly  4 t imes  on a twice  a w e e k  

schedule wi th  2 5  x 10 s i r radiated cells f rom the fo l lowing t rea tment  

g roups :  1) control  vec to r  modif ied  9L cells; 2) 9L cells t ransduced with 

IL-2;  3) 9L cells t ransfected  wi th  the TGF-132 ant isense vector :  and 4) 

9L cells t ransduced wi th  IL-2  and t ransfected  wi th  the T G F  ~2 

antisense vector .  The  t u m o r  f lee  survival  rate 9 w e e k s  post  tumor  

implantat ion w a s  2/10 and 3/10 for the  g roups  immunized  wi th  parental  

9L and 9L IL-2  t ransduced  cells r e spec t ive ly  Transfec t ion  o f  both 9L 

cells (6/6) and 9L IL-2  t ransduced  cells (7/7) with the TGF-~32 antisense 

v e c t o r  resulted in a statistically significant increase (p< 0 0 1 )  in the 

number  o f  t umor  free animals  9 w e e k s  post  tumor  implantat ion These  

data  indicate that  inhibition o f  T G F - ~ 2  express ion  significantly increases 
the  eff icacy o f  t umor  cell vacc ines  in the  9L g l ioma  model  Our  findings 

s ugges t  that s t ra tegies  to inhibit the express ion o f  immunosupp r e s s ive  

fac tors  m a y  be impor tant  in the deve lopment  o f  future i m m u n o - g e n e  

the rap i e s  
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TRANSFER of the METALLOTHIONEIN GENE to CD34+ CELLS USING an 
ORIGINAL FRIEND V I R U S  DERIVED CONSTRUCT CONFERS RESISTANCE to 
CIS-PLATINIUM DERIVATIVES and to ALKYLATING AGENTS 
Odile Cohen-HaKuenauer ° , ' ' ' ,  Luz-Marina Restrepo*, Lla-Cristina Upegui- 
G o n z a l e z  ), Michel Manet*, Michel Boil'on'* and Michel Marly'*" 

Only significant technological improvements will allow for therapeutic benefit usin~ 
gene transfer and therapy approaches. We have designed an origanal retrovirus vector based 
on Friend-MuLV {Fr-MuLV~ F1329-strain selected according to both high infectivity and 
haematopoietlc tropism in mouse. A NeoRgene ca rvy~g -construct producing viral titers over 
| 0 r cfu/ml has first been used. 

Our primary goal consisted in the demonstration of efficient transduction of 
haemopoleticprogenitors of human origin. We first .s~.tied reproducible in vitro ~rowth 
conditions of CD34+ cells in long term cultures ; estebhshed on~ xenogenelc stromal cells ; 
eventually engineered to resist iC418-selection. Infection conddlons have been ophmlzed 
comparing various procedures onto the saame eeurce of cells. We aimed at : lst) using as few 
growth factors and stimulatory event~ as possible to spare pluripotentiahty ofwogenttors ; 
and 2nd) achieving infection exposing ceils to viral superoatant to avoid co-cultivation.. 

These cultures have been maintained during a two months period during which 
sequential assessm~t  for retroviral transduction has been performed using either 
pharmaco-biological (CFLI-GEMM +/- C418 selection) or molecular (PCR onto inaividu.al 
GFs-expanded colonies) cheractenzation. We have been able to demonstrate : Ist) an iniUal 
transduction efficiency of 50 to 90% CFU-GEMM ~gerterating cells following several 
infection cycles with viral supernatant ; 2.nd) efficient transduction of haemopoietic 
progenitors capable of generating both long-term in vitro cultures of 60 days in the presence 
of CAI8 and further growth under the form of CAtS-resistant CFU-CEMM seeded at day 60 

where virus integration could be further evidenced on individual colonies by PCR. In our 
hands, transduction efficiency was critically d el~adent on viral titers ; reproducible data 
could be obtained with our stable producer of 107 cfu/ml, but not with titers of 105 efu/ml. 
We are currently evaluating the efficiency of our Fr-MuLV-construct in comparison with 
identified efficient I'etrovirtm vectors. 

The next step consisted in introducing a gene of interest into CD34+ PBMSC (peripheral 
blood mobilized stem cells). We chose to work with a gene confering resistance to cytotorac 
drugs to achieve prevention of myeloablation following intensive chemotherapy regimens 
using the Metatlothioneine HA gene ; overexpression of the latter has been shown to confer 
resistance to both Platinium der{vatives and to alkalafing agents. A full genomic clone of the 
Metallothioneine I1A gene has been introduced in our Friend-virus vector either in sens 
orientation ; or in reverse orientation to spars the genomic structure of the construct 
followth~ tranduction of target cells. High producing clones have been selected following 
transfecuon into the amphotropic packaging cell line Psi-CRIP on the basis of molecular 
transmission (PC_R) ; and submitting infected cells to iru:reasing doses of selectwe medium. 

We have been able to demonstrate significant resistance of both 3T3-cells and human 
CD3& PBMSC. With a high producer indnding the transgene into sens orientation, the ICS0 
of 3T3 shifted fror, 5-20 I.tMto more than 150 ItM of Cisplatmtum (CP) ; control cells were 
both 3T3 cells and Neo-infecteci cells. The pourcentage of wable cells m the presence of 
751aM CP, was null for either of the controls and over 80% for MTIIA infected cells. 
Significant resistance of CD34+ PBMSC could be demonstrated following infection as 
assessed by measuring both the pourcentage of viable cells and the number of CFU-GEMM 
in the presence of increasing concentrations of CP. We are currently analyzang the spectrum 
of induced resistance to myeloablative alkalat£ng agents. 
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A D E N O V I R U S - M E D I A T E D  G E N E  T R A N S F E R  O F  T H E  
H S V - T H Y M I D I N E  K I N A S E  G E N E  FOR T H E  T R E A T M E N T  
O F  P R I M A R Y  CNS M A L I G N A N C I E S  

S. L. Eck, J. Smith, E. Wheeldon, D. Smith, D. Hackney, S. Raper 
Institute for Human Gene Therapy, University of Pennsylvania. 
3600 Spruce Street, Philadelphia, PA 

Primary CNS malignancies in adults are nearly uniformly fatal 
despite improvements in diagnostic and surgical techniques 
and advances in radiation therapy. Conventional chemotherapy 
provides only minimal benefits. We have employed adenovirus- 
mediated transfer of the drug susceptibility gene herpes virus 
thymidine kinase (HSV-TK) into pnmary brain tumors to achieve 
significant tumor reduction in murine models of human gliomas. 
Intra-tumor injection of recombinant adenovirus expressing 
HSV-TK (H5.010RSV-TK), followed by intravenous ganciclovir 
results in tumor regression in several rodent and human brain 
tumor cell lines in animal model experiments. The extent of 
tumor regression is dependent on the size of the tumor, the 
amount of virus administered, and the duration of ganciclovir 
treatment. In anticipation of clinical application of these findings, 
we have extensively studied the toxicity of H5.010RSV-TK in 
rats and in non-human primates. This recombinant adenovirus, 
when administered into the CNS of normal animals, results in 
mild dose-dependent toxicity. MRI and histologic studies show 
focal inflammatory effects that resolve over a period of several 
weeks. All animals tolerated the treatment well up to the 
maximal ly  administered doses of 5.7x109 pfu in rats, and 
lx1011 pfu in rhesus monkeys. 

We have designed a phase I clinical trial to test the safety and 
efficacy of this approach in patients with refractory gliomas. The 
design of this clinical trial will be discussed. 
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M ~,tvo gene therapy ot metastatic melanoma using the HSVtk gene by co-activation of 
dnn-I  tlnlour i m m u n i t y  

Simon Castleden. Anna Tuszynski, Heung Chong, lan Hart* and Richard Vile. 
hnperial Cancer Research Fund Laboratory of Cancer Gene Therapy, and *Richard 
Dimhleby Cancer Research Laboratory, Rayne Institute, St Thomas' Hospital. Lambeth 
Palace Road, London SE1 7EH, UK.  

We are interested in developing high efficiency, targeted gene therapy delivery systems 

Ior the treatment of established tumours in rive. Using melanoma as a model, we have 

~hown that the murine tyrosinase promoter can be used to express a range of heterologous 

genes specifically in both human and routine cells of melanocytic origin. Rather 

~,urprisingly, multiple intravenous administrations of high titre retroviral supernatant 

encoding Tyr HSVtk reduced the number of lung metastases of B 16 melanoma in C57/BL 

mice Ireated with ganciclovir by up to 90% compared to controls. This reduction was not 

,reserved in T cell immunodeficient mice. In additiom a partial anti tumour immune 

response was generated following in rive killing of established tumour deposits with 

~zancichlvir, suggesting a role for the immune system in the observed effects. Using 

reverse transcnptase PCR. we have shown that, as turnouts are killed in vivo by 

ganc~clovir, de hove expression of several different cytokines can be detected, including 

II. 2, [FN-gamma. IL-6 and GM-CSF within the tumour. Therefore, we have now 

prepared vectors in which the HSVtk gene is co-expressed with a series of 

~mmunomodulatory genes with the aim of augmenting this anti-tumour immunity. Co- 

expression of IL-2 and HSVtk, even in only a fraction of tumour cells, leads to a 

significant reduction in the growth rates of turnouts growing in vivo. In addition, animals 

m which 10% of the cells of the primary turnout expressed both IL-2 and tk develop 

mcrea',ed protection against a subsequent challenge with parental cells compared to 

am reals in which 10% of the cells of the primary tumour expressed either gene alone. The 

mlmune-mediated mechanisms underlying the action of these vectors, and their potential 

h,r direct in rive gene therapy of turnouts, will be discussed. 


