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NZ 001 IhlMUNOLOGY BY VIRUSES, Rolf M. Zinkernaget Pcter Aichele, Manuel Battagay. Martin Bachmann, Daniel B r a d e ,  Marie-AMc Brimder, 

Etienne Bucher, Christoph Burkhart, Giulia Freer, Urs Hoffmann Rohrer. David Kig, Ulrich Kalinlte, Thomas Klindig Diego Kybun, DemcIrios 

Moskophidis, Ulnch Steinhoff, Hanspeter Pircher, Hans Hengartner; lnstiture of Experimental Immunology, University of Zurich (Switzerland) 

Different rGuses have cocvolved with vertebrate hosts and their immune HIV, may be c a d  by Clls destroying antigcn-presenting e l k  
systems to reach evolutionarily balanced states; thereforc many of these 
virus-host arrangements rcveal limiting facers of thc immune system. For 
cxamplc immunological unresponsiveness to +ruses may be established 
by infection of the thymus by scquwtration of antigens or prwntarion in 
an antigcnic but not immunogenic form which are ignored by T cch. or 
by exhaustive differcnuation of T cells in thc periphery. Induction of 
antiviral T cch dcpcnds on proper antigen presentation and an 
cnvironmcnt wth sufficient concentrations of cytolrincs; in their absence 
T cch are apparently neither induced nor ancrgiud. T cell memory 
scems to be stridy dcpcndcnt upon antigcn persistence and 50 far no 
s p e d  mcmory T cell could be found. Mechanisms of T cell mediated 
antiviral protection also varies With the virus. For some either CD8+ or 
CD4+ T cell dependent cyokines may provide p r o t d o n ,  dependent 
upon the site of viral replication. For othcrs CD8+ T cells contacl secms 
to be mandatory for virus chination. The respeclive role of perforin, or 
of granymes is still unclear. The implied cyt01)tic T cell effector 
pathway is always antivirally c f f d v c  a g h t  cytopathogcnic rirUses. In 
contrast, immunopathological consequences of protective antiviral 
immune rcspoascs are secn whenever non- or poorly cytopathic viruscs 
sprcad tw widcly before they can be stoppcd by antiviral cytotoxic T 
cells (Clls), ~ t i b o d i ~ ~  or other mcchanirms. 
Agcgcsivc hepatitis by Hepatitis B Virus in man or lpphocylic 
choriomcniogitis Virus (LCMV) m mice illustrate such I pathogencsis. 
Similarly thc immunosuppression caused by LCMV, and possibly by 

infected by LCMV. AU t h w  examples may casily impress as 
autoimmune disease if thc infedious agcnts wcrc not k n m .  This 
condusion is illustrated in a transgenic mousc model whcrc thc LCMV- 
glycoprotcin (GP) is q r e s s e d  as a new-self antigen in Bislct cells of the 
Langerhans islets in the pancreas. Such mice do nol develop diabctcs 
spontcanously, but do so after infedon With LCW wilhin 7-9 days. The 
immune system of thwc mice ignorw apparently the new self antigen; 
these mice are therefore not immunologically tolerant to this new self 
antigen, but normaly no response is induad either. LCMV infcdion of 
antigen presenting cells c a w  prompt induction of Clls and of 
diabetes. &ah did one not how the anIigen or virus involved, this 
disease would be d e d  an autoimmune disease. Accotdi~~gly, we 
spcculatc that possibly many so-callcd autoimmune discasa may 
aaually reflect immunopathologies triggered by the unrecopkd or 
unrecognizable trivial or s p e d  viruses or other infectious agents. 
V i  also reveal fundamental a s p  of antibody responses: B cells 
may be unresponsive to viral antigen because of lack of T help or 
because of anergy to a s p e d  form and organisation of the antigen. Also 
so-called &I& maturation, B cell memory, and the role of antibodies 
in protedion against viruscs reveal limitations of humoral respoosw. 
CoUMiveb, the various balances beovcen Vinuea and immune system. 
yield captivating and accurate data on role. efficiency and Limitations of 
immune cffedor mechanisms m a bidogically relcvant setting. 

Cell Biologx ofAntigeii Processing arid Preseritarioii (Joint) 
NZ 002 PRESENTATION OF VIRAL ANTIGENS TO CYTOTOXIC T LYMPHOCYTES, Jack R .  Eennink’, lgor Eacikl, Cheryl Laphaml, Daniele 

ArnoldZ. Thomas SpiesZ. Josephine Cox1, Yuping Dengl, Patricia Day’, Robert Anderson1, Nicholas Restifo3, Laurence EisenlohP, 
Fernando Esquivell, Jonathan W. Yewdell’, lNational Institute of Allergy and Infectious Diseases, Bethesda, MD 20892, %aria Farber Cancer 
Institute, Boston, 3National Cancer Institute, Eethesda, 4Thomas Jefferson Cancer Institute, Philadelphia. 

CDB’ T-CellSflCDB+) play an important role In controlling viral 
infections. TcD~+ recognize peptides of 8 to 10 residues derived 
from viral proteins located in the cytosol of infected cells. These 
peptides are recognized in a complex with class I molecules encoded 
by the major histocompatibility complex (MHC). Since the processing 
pathway begins in the cytosol and association with class I molecules 
occurs in an exocytic compartment proteolysis and peptide transport 
are thought to play key roles in presentation to TCDB+. Two MHC 
encoded molecules termed Tap1 and Tap2 seem to specifically trans- 

port peptides from the cytosol into the intracellular Compartment that 
contains class I molecules. To characterize the structure and function 
of the Tap genes we have inserted them into vaccinia virus. We have 
been studying the biochemical, immunocytochemical, and antigen 
specificity of the transporters in mutant cells failing to express one or 
both Tap genes. In addition, the endoplasmic reticulum location of 
peptide association with class I molecules in the exocytic pathway has 
been demonstrated using a vaccinia recombinant encoding an 
endoplasmic reticulum retained class I molecule. 

NZ 003 

Class I1 MHC a-and p-subunits associate with invariant chain 
trimers in the endoplasmic reticulum. Following assembly the ap- 
invariant chain complex is transported through the Golgi 
apparatus and then diverted from the constitutive transport 
pathway into the endosomal system. Here the invariant chain is 
proteolytically degraded and ap dimers are released to bind 
peptides derived from endocytosed proteins. The precise 
mechanisms involved in peptide generation and binding, and the 
route by which ap-peptide complexes are subsequently delivered 
to the plasma membrane, are unknown. A number of mutant cell 

MECHANISMS OF CLASS I1 MHC-RESTRICTED ANTIGEN PROCESSING, Peter Cresswell, Howard Hughes Medical 
Institute, Yale University School of Medicine, New Haven, CT 06510. 

lines, defective in an uncharacterized MHC-linked gene or genes, 
are impaired in their ability to generate functional ap-peptide 
complexes. We have determined that many ap dimers from one 
such cell line, T2.DR.3, are assodated with a nested set of invariant 
chain-derived peptides, and that such ap dimers can be efficiently 
loaded with antigenic peptides in uitro. Comparative analyses of 
class I1 MHC transport, invariant chain processing, and 
subcellular distribution in wild-type and mutant cell lines will be 
presented. 
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NZ004 THE CSE OF CRYSTAL STRGCTL'RE ANALYSIS OF RECOXtBINAYT CLASS 1 MHC-PEPTIDE COMPLEXES TO ASALYZE THE 
h1OLECL'LAR BASIS OF PEPTIDE/MHC/TCR INTERACTIONS. Stanley G. Nsthenson, Weiguo Zhang, Aideen C.hl .  Young and James C. 
Sacchettini. Deoartments of Microbioloev and Immunoloe\,. and Cell Biology and Biochemistry, Albert Einstein College of hledicine, Bx NY 10461 

I. I, 1 

k.105: of the sequence diversity among hlHC c1ass I alleles i s  found in the 
amino acid residues that line the peptide binding groove. This diversity alters 
Ihe chemical composition and spatial properties of the peptide binding groove 
and  in turn dictates the characteristics of the peptide that can be accommodated. 

In order to characterize those peptides that bind to specific class I molecules 
i n  \ I \ 'o .  we identifed the major H2-K'restricted peptide from VSV as a unique 
Ktanier ,  YSV N52-59, Arg- Gly- Tyr- Val- Tyr-  Gln- GI)- Leu. Alanine 
rubstitued peptide variants ue re  used to define the role of each amino acid 
residue in the octapeptide in terms of its interaction with the HZ-K'molecule 
and with the TCR. As a result of binding studies we postulated that Tyr3. Tyr5 
3id Leu8 ue re  MHC anchor residues, while studies using a panel of T cell 
c!ones recognizing VSV/K'complexes o n  cells suggested that Argl Val4 . Gln6 
and Gi!7 bere  important in  TCR recognition. 

To eLa lum these hypothesis at the structural level we exploited a high yield 
kicrernl  exp:ession system and in vitro co-complex formation (protein folding) 
t3 p r e p x e  a homogeneous MHC class I molecule containing VSV N52-59 
reptide This complex was crystallized and its structure solved using molecular 
replacement techniques. 

The structure of mouse H-X ' revea led  its similarity to three human class I 
HL.A molecules, consistent with the high primary sequence homology and 
common function of these peptide-presenting molecules. Electron density was 
hjcared In the peptide bmding groove, to which a single peptide in a unique 
conform~:ion was unambiguously fit. The peptide extended the length of the 
groove, parallel to the a-helices, and assumed an extended, mostly &strand 
conformation. The peptide was constrained within the groove by hydrogen 

bonding of its main-chain atoms and by contacts of its side-chains with the H- 
2K"molecule. Its amino terminal nitrogen atom formed a hydrogen bond with 
the hydroxyl group of Tyrl71 at one end of the groove, while the carboxyl 
terminal oxygen formed a hydrogen bond with the hydroxyl group of Tyr84 at 
the other end, amino acids which are conserved among human and mouse MHC 
molecules. This anchoring of each end of the peptide appears to be a general 
feature of peptide-MHC class 1 molecule binding and imposes restrictions o n  its 
length. The  side-chains of residues Tyr3, Tyr5. and Leu8 of the peptide fit Into 
the interior of the K'molecule with no appreciable surface exposure, a finding 
in support of previous biological studies that showed the importance of these 
residues for  binding. Thus the basis for  binding of specific peptide sequences 
to the hlHC class I molecule is the steric restriction imposed on the peptide 
side-chains by the architecture of the floor and sides of the groove. The side- 
chains of Arg l ,  Val? and Gin6 as well as the main-chain of GIy7 of the peptide 
are exposed o n  the surface of the complex, thus confirming their availability for  
T cell receptor contact, 8s previously suggested by experiments which 
demonstrated that a specific subset of these residues were interactive with 
specific TCRs. The overall picture that arises from our studies is that the 
TCR/MHC interaction is unique since only 3 to 4 residues of the peptide have 
sufficient solvent accessibility for TCR interaction, with the majority of the 
peptide residues being buried. T cell recognition thus depends on only a few of 
the residues of a peptide presented in the context of the much larger pattern of 
amino acid side chains of the 2 0  helices of the antigen presenting domain of the 
MHC. 

NZ 005 

Department, New York University, New York, NY 10003, and *Pathology Department, New York University School of Medicine, New 
York, NY 10016. 
Vesicular stomatitis virus IVSV) glycoprotein (GI has been shown t o  be a major This has been probed with inhibitors of both microtubules (taxol. colchicine) and 
target of both the humoral and cell mediated immune response of mice and microfilaments (cytochalasian). As the  cold treatment of cells had previously 
other species t o  this pathogen. The cell mediated immune response is been shown to interfere with presentation, w e  expected rnicrotubule- 
principally class II MHC restricted and includes both proliferative and cytolytic dissociation or -polymerization t o  substantially inhibit presentation. This was  an 
effector cells. We have studied the processing and presentation of this protein inconsistent finding, even when the inhibitors were incorporated in assay 
by murine B cells by both exogenous and endogenous routes. Published studies medium t o  prevent reversible changes in the absence of drug; the tendency was 
have demonstrated 1 I an absolute dependence on newly synthesized la t o  greater sensitivity to CTL effectors, not diminished recognition. Treatment 
molecules, a s  emetine treatment completely prevents sensitization. 2 )  of processing and presenting cells with microfilament-interfering drugs did not 
Acidification of the endosomal compartment is required, whether infectious virus alter their recognition. However, cytochalasian treatment of T cells had 
or purified protein antigen is employed, a s  chloroquine, methdamine, and profound inhibitory effects. This w a s  nor seen with either taxol or  colchicine 
ammonium chloride pretreatment prevent uptake and degradation of purified treatment of our clones, however, t hus  implying a central role for  microfilaments 
protein, inactivated virions, and infectious virus. 31 Integrity of the vesicular (but not microtubules) in T cell cytoskeleton and lethal hit delivery. We have 
compartments of the cell and their normal fluidity is necessary, a s  Brefeldin A also been examining alternative sites ( to  late endosomeslearly Iysosomesl of 
treatment reversibly blocks sensitization of cells for CTL clone recognition and protein degradation using 2 forms of the glycoprotein synthesized in the 
there is a reversible "cold block' in cells treated at  15'C. 41 A late post-Golgi presenting cells and limited, due t o  either temperature sensitive mutation ( t s045  
block was observed in cells treated with acidification inhibitors. which virus) or to  genetic manipulation (vaccinia expressing a .poison tail' construct, 
presumably interfere with degradation of the invariant chain of Class II MHC. generously provided by J K  Rose, Yale). These protein variants are degraded 
We have continued these studies by examining the role of the cytoskeleton in within the lumen of the pre-Golgi endoplasmic reticulum, and peptides generated 
antigen processing and presentation both for effects on the processing cell and readily sensitize A20 cells for T cell recognition. The site of peptide acquisition 
on the CTL clone recognizing lao-peptide complexes on the surface of A20 cells. and the maturation of the la complex are under intense study. 

PROCESSING AND PRESENTATION OF THE VESICULAR STOMATITIS VIRUS GLYCOPROTEIN IN ASSOCIATION WITH 
CLASS II MHC ANTIGENS. Carol S. Reiss', Lara M. Palevitz', Anna Wilson', and Stephanie Diment'. 'Biology 

NZ 006 MANIPULATING THE ANTIGEN PROCESSING MACHINERY AND TUMOR IMMUNOLOGY 
NP Restifo, JW Yewdell, JR Bennink, I Bacik, Y Kawakami, F Esquivel, and SA Rosenberg. 
NCI and NIAID, Bethesda, MD. 

Some tumor cells in mouse and man clearly present 
peptide/MHC class I complexes recognized by CD8' CTL (T,,,,). 
However, most cancers are not cured by T cell based immunotherapy. 
We have recently shown that the nonimmunogenic murine tumor, 
1C1 .WT, presented endogenously generated viral antigens in the 
context of MHC class I poorly, despite the presence of these antigens 
intracellularly in high quantities. Hypothesizing that this tumor might 
evade recognition by TCo8+ by failing to process and present tumor 
antigens in the context of class I molecules, we transduced 101 .WT. 
with interferon-y (IFN-y) cDNA to create 101 .NAT. Gene-modification 
increase class I expression by > 100-fold and reversed the viral 
antigen presentation deficit of 101 .WT. Significantly, 101 .NAT could 
be used to generate CD8' TIL that were therapeutically active in vivo 
against established pulmonary metastases from the wild-type tumor. 

To examine whether or not such antigen processing 
deficiencies were present in human tumor cells, we used a 
recombinant vaccinia virus expressing mouse the Kd molecule. 
Because lysis by mouse Tco,+ was our read out, our assay 
independent of both the HLA type of the tumor, and the presence, or 
absence, of specific cellular proteins. Human small cell lung 

carcinoma (SCLC) cell lines, amongst others, processed endogenous 
antigens poorly. Pulse-chase experiments showed that MHC class I 
molecules were not transported by SCLC from the ER to the cell 
surface, suggesting that peptides were not available for binding to 
nascent MHC and B,-microglobulin molecules. Consistent with this 
interpretation, northern blot analysis revealed low to non-detectable 
levels of mRNAs for MHC encoded proteasome components LMP-7 
and LMP-2. as well as the putative peptide transporters TAP-I and 
TAP-2. Treatment of cells with IFN-y enhanced expression of these 
mRNAs, and completely reversed the observed functional and 
biochemical deficits. In order to bypass the need for the processing 
of intracellular antigens, we constructed a vaccinia virus capable of 
endogenously synthesizing a 9 amino acid long "minimal determinant" 
from the nucleoprotein gene of influenza A/PR/8/34 preceded by an 
ER insertion signal sequence, (Anderson e? a/, J Exp Med 174:489. 
1991) thus eliminating the need for both protease activity and 
transporter activity. The NP 9-mer preceeded by a signal sequence 
was very efficiently presented by the SCLC lines to TCoB+. Thus, 
antigens, of precisely the right size, targeted to the endoplasmic 
reticulum, can bypass much of the antigen processing machinery. 
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NZ 007 GENERATION AND FUNCTIONS OF HELPER T CELL SUBSETS. Susan L. Swain, Linda M. Bradley, Michael 
Croft. David D. Duncan. Girija Muralidhar, Susanne Koch and Filippa Shub. University of California, San Diego, La 
Jolla, CA 92093-0063. 

O n l y  in t h e  past f e w  y e a r s  h a s  the  exrens tve  he te rogenei ty  o f  h e l p e r  T 
ce l l s  ( T h )  become c lear .  We h a v e  charac te r ized  a n d  s tudied  CD4 T h  a t  
d i f fe ren t  s t a g e s  o f  d i f f e r e n t i a t i o n  a n d  w i t h  d i f f e r e n t  p r o g r a m s  f o r  
pa t te rns  o f  cy tokine  secre t ion  wi th in  those  s tages .  N a i v e  T h  are s h o n  
lived a n d  secre te  p r e d o m i n a n t l y  IL-2. T h e y  pro l i fe ra te  v i g o r o u s l y  in  
response  t o  A g  presented  b y  d e n d n t i c  ce l l s  o r  activaied B ce l l s  a n d  they  
d i f fe ren t ia te  i n t o  p r i m a r y  e f f e c t o r  ce l l s  a n d  m e m o r y  c e l l s .  P r i m a r y  
e f fec tor  ce l l s  are la rge ,  ac t iva ted  cell5 that are probably  t rans ien t .  T h e y  
c a n  he T h o - .  T h - ,  or Th2- l ike  in their  secre t ion  of  cy tokines .  T h e  Th2 
ef fec tors  are exce l len t  he lpers  f o r  t h e  r e s p o n s e  o f  B ce l l s  g e n e r a t i n g  a 
la rge  A b  response  o f  a var ie ty  of i so types .  T h e  T h 2 - l i k e  e f f e c t o r s  can 
d n v e  both  c o g n a t e  and b y s t a n d e r  B ce l l  responses .  T h e  g e n e r a t i o n  o f  
T h 2 - l i k e  e f f e c t o r s  is d e p e n d e n t  on a n d  p r o m o t e d  b y  1 L - 4  a n d  IS 

inh ib i ted  b y  E N - y  a n d  TGFp. Product ion  o f  IL-4 b y  ef fec tor  ce l l s  m a y  
b e  inf luenced  b y  t h e  A P C  t y p e  on w h i c h  t h e y  e n c o u n t e r  A g .  Memory 
h e l p e r  c e l l s  are a l s o  derived f r o m  n a i v e  ce l l s .  We h a v e  s t u d i e d  t h e  
fea tures  o f  m e m o r y  T h  s u b s e t s  b y  genera t ing  T h 2  a n d  Th2 e f f e c t o r s  in  
v t t ro  a n d  t h e n  t r a n s f e m n g  e a c h  o f  t h e  e f f e c t o r  p o p u l a t i o n s  or n a i v e  
CD4 T t o  i r rad ia ted ,  t h y m e c t o m i z e d  recipients.  We f ind  tha t  m e m o r y  
i s  genera ted  b y  both  e f fec tor  t y p e s  a n d  tha t  the i r  u n i q u e  pa t te rns  o f  

c y t o k i n e  s e c r e t i o n  a r e  m a i n t a i n e d  i n d e f i n i t e l y  (>40 w e e k s ) .  T h e  
m e m o r y  c e l l s  are pers i s ten t ,  w h i l e  n a i v e  t ransfer red  c e l l s  d e c l i n e  in 
n u m b e r s  a n d  func t ion  w i t h  t i m e  a f t e r  transfer.  E v e n  ef fec tors  genera ted  
tn response  t o  pept ide  a n t i g e n  g i v e  rise t o  l o n g - t e r m  m e m o r y  in  v i v o  in 
t h e  a b s e n c e  o f  a n y  f u r t h e r  a n t i g e n  s t i m u l a t i o n .  T h u s  t h e  m e m o r y  
pers i s tence  o f  t h e s e  p o p u l a t i o n s  i s  apparent ly  i n d e p e n d e n t  o f  A g .  T h e  
m o s t  p o t e n t  p o p u l a t i o n  o f  h e l p e r s  is a p o p u l a t i o n  w e  t e r m  ' m e m o r y  
ef fec tors ' .  These e f f e c t o r s  come f r o m  m e m o r y  c e l l s ,  are g e n e r a t e d  
rap id ly  and g i v e  t h e  h ighes t  l eve ls  o f  l y m p h o k i n e  secre t ion  and he lp .  In  
v i u o  w e  c a n  r e g u l a t e  t h e  genera t ion  o f  e f fec tors  w i t h  IL-4, 1FN-1, a n d  
T G F P ,  p r o m o t i n g  T h 2  a n d  T h l  p a t t e r n s  o f  c y t o k i n e  p r o d u c t i o n .  We 
h a v e  also s t u d i e d  t h e  i n d u c t i o n  o f  a n e r g y  in  v i v o  to b o t h  bac ter ia  a n d  
v i ra l  Superantigens. We are i n v e s t i g a t i n g  the c o n d i t i o n s  w h i c h  wi l l  
f a v o r  i n d u c t i o n  o f  e f f e c t o r s  and m e m o r y  versus t h o s e  w h i c h  f a v o r  
g e n e r a t i o n  of a n e r g y .  T h e  a b i l i t y  t o  g e n e r a t e  p a r t i c u l a r  T h  e f f e c t o r  
p o p u l a t i o n s  w h i c h  h a v e  p o t e n t  Ag-specific a c t i v i t i e s  and w h i c h  c a n  
pers i s t  i n  a c o m p l e t e l y  f u n c t i o n a l  s t a t e  for l o n g  times a f t e r  t ransfer ,  
s h o u l d  p r o v i d e  an o p p o r t u n i t y  f o r  therapeut ic  in te rvent ion  and in  v i v o  
auprnenta t ion  o f  s p e c i f i c  i m m u n e  response. 

7iiriioi Amigeii 5 Drfitird 171 T Ceih 
NZ 008GENETlC ANALYSIS OF HUMAN TUMOR REJECTION ANTIGENS, Pierre G Coulie, Pierre van der Bruggen. Benoit Van den Eynde. Etienne De Plaen, 

Patrick Chomez. Christophe Lurquin and Threrry Boon, Ludwig Institute for Cancer Research, Brussels unit and Cellular Genetics unit. Catholic 
University of Louvain, Brussels, Belgium 

We isolated the gene coding for antigen MZ2-E recognized by 
autologous cyiolytic T cells (CTL) on a human melanoma (1). This gene, 
named MAGE-I.  is expressed by 20% of melanoma tumors as well as by a 
significant proportion of tumors of other histological types (20% of lung 
tumors. 17% of breast tumors). No expression of MAGE-I is observed in a 
large panel of normal tissues. The only tissue in which we detect the 
expression of gene MAGE-1 is testis. 

MAG€-1 belongs 10 a family of closely related genes, localized on 
chromosome X. Fourteen members of this family have been identified, 
sharing 65 to 8 5 %  homology wiih MAGE-1. Of these genes, only MAGE-1, 
-2:3 and -4  are significantly expressed by some human tumors. None of 
them has so far been shown to be expressed in normal adult tissues. 

The CTL clone directed against antigen MZ2-E recognizes a 
nonapeptide that is encoded by the third exon of gene MAGE-I and is 
presented by the HLA-A1 molecule (2). The CTL also recognizes this 
peptide when i t  is presented by mouse cells transfected with HLA-A1 
gene, confirming the association of antigen MZ2-E with the HLA-AI 
molecule. Other members of the MAGE gene family do not code for the 
same peptide. suggesting that only MAGE-1 produces the antigen 
recognized by the anti-MZ2-E CTL. Our results open the possibility of 
immunizing HLA-A1 patients whose tumor expresses MAGE-1 either with 
the antigenic peptide or with autologous antigen-presenting cells pulsed 
with the peptide. Another possibility is to immunize these patients with 

cells engeneered to express high levels of HLA-At and MAGE-1, together 
with the appropriate adheson  molecules and interleukins to stiniulate a 
CTL response in vivo. 

In order to follow these immunizations and to document any 
increase in the frequency of the MAGE-1 specific C T L s ,  we set up a 
protocol of limiting dilution analysis tailored 10 this type of responses 
(3). We use cold-target inhibition with an excess of NK target K562 to 
inhibit the NK-like aciivity. Using autologous tumor cells to stimulate the 
proliferation of the anti-tumor CTL-P. we measured the anti-tumoral CTL- 
P frequencies in the blood of 15 patients and obtained frequencies 
ranging from 1/1000 to less than 1/100.000. We are modifying this assay 
in order to avoid the use of autologous tumor cells as stimulator cells. 

References.  
1. Van der Bruggen P., Traversari C.. Chomez P.. Lurquin C.. De Plaen E.. 

Van den Eynde B., Knuth A. and Boon T. (1991) Science 254:1643-1647 
2. Traversari C., van der Bruggen P.. Luescher I., Lurquin C.. Chomez P., 

Van Pel A., De PIaen E., Amar-Costesec A. and Boon T (1992) 
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3 .  Coulie P., Somville M., Lehmann F., Hainaut P., Brasseur F., Devos R and 
Boon T. (1992) Inr .J .Canrer  50 : 289-297. 

One of the primary challenges to tumor immunologists in recent years has been to define 
antigens on tumor cells capable 01 stimulating the immune system. primarily the effector T cells 
One of mese molecules, first ldentified by momlonal  tumor speciflc antitales, IS beast mucin 
Mucin consists of multiple tandem repeats 0 1  a 20 amino acid sequence which is highly 
glycosylaled by 0 linked sugars Since both normal and malignant epithel,al cells podwe 
mucin. the lumor specificity of anti mucin annwies  has been poslulated to result from either I) 
genehc changes 01 the mucin gene in tumors or 2) incomplete glymsylation of mucin by 
malignant cells The importance of muons a s  tumor-associated antigens has recently been 
increased by our finding that cyiotoxic T lymphocytes (CTL) can recognize rnucin The eptope 
recognized by the CTL is present on rnuan pmduced by malignant cells yet not on mucin 
produced by mrmal ductal epthelial cells This CTL eptope is closely related to the lumor- 
speufic m x i n  epilope defined by me mAb SM 3 

The above informabon becomes more valwMe row that the gene for mucin has been 
cloned and immune responses to its product can be manipulated by vanous gene transler and 
biochemical techniques We constructed several expression vectors which allow mucin 
pductmn in ditlerent cell types including autologous antgen presenbng cells Each transfected 
line expresses a number of tumor specific mucin eptopes. recognized by such lumor-speufic 
anbbodies as SM 3 DF 3 and BC-1 suggesting !hat the defecls in mucin synthesis seen in 
beast and pancreatic tumors are present in other transformed cells as well Furthermore, 
although the cell lines were Bansfected with the same expresson construct each expressed a 
different subset 01 tumor-speak epitopes, indicating that the specifiuty of mese eptopes for 
tumors is no1 due to genetlc alterations in Me mucin gene Finally the expression of tumor 
specific eptopes was increased by incubating transfected cells with phenyl N-acetyl-a- 
galactosaminide an tnhibtor of O-linked glycosylation, confirming the role of incomplete 
glymsylation in me tumor specilialy of these eptopes Glymsylatlon inhihted transfectants 
were capaMe of maintaining ptolileratlon of mwn specific T cells and s e m g  as targets for CTL 
klling 

NZ 009 CELLULAR. MOLECULAR AND STRUCTURAL ANALYSIS OF HUMAN T CELL - TUMOR MUClN INTERACTIONS, Olivera J Finn, Ph D , Department 
of Molecular Genetics and Biochemistry. University of Pittsburgh School of Medicine, Pittsburgh, PA 15261 

Using mucin nnstected B cells as APC we generated specific T cell lines from breast 
cancer patients and analyzed over 200 T cell clones T cell clones muld be diwded inlo the 
maor gr0t.p which reqJires innituson of mwn g ycosyiatmn for targel ce reqnitmn a sma er 
group wnath IS not anectea ny ,I ana rare dones wnch loose acnvity wnen mdc P s m* h i f  
glycosy a t w  n agreement with olrr eariter onservatlons aerived from T ce i m s  generalea 
against aliogeneic mxcn proawing iumors mwn on Wtn syngenec a i a  ailogenec APC codla 
snmJiate mJcm specific CTL and serve as meir target InasmJCn as we naa post.talec mat me 
MnC Lnrestncted reeognlton s am to m iwnbry of multide repeatea T cell eptopes aong me 
m m n  polypepnae core wnich a low. simuitaneous tunding cross nmiq and aggregatjon 0 1  
mmp e T ce receptors we pertormed structural analysis 01 !he m x i n  ianoem repeat regan to 
mnlirm tne structural. and not on y sequence aenllty 01 me T cell eptopes We preparea 
synmetc peptiaes correswna.ng to one IWO and three muon t a W m  repeats ana arayzea 
me r mree a mensona SlrUCtJre by one and IWO aimensonal In NMR cornlaitor spectroxapy 
(COSVI Tne poof 01 me equNvalence 01 particular resiaues wimm eacn copy 01 tne tanaem 
repeat was o n r a m  hom I re  ana ysis 01 me sice main votons C2 and C4 01 nistialne wnen 
a ssolvea In &O These two are arways resolved lrom eacn omer oy alst nct magnetic 
resonances micn are u u a l l y  separaled by al least lppm Tne w n m  nes In me IWO am no 
aco pept de wnicn nad the porenttai 01 reso nng nto t o ~ r  disbnct resonances were resotea into 
oily W rewnance p e a 6  The mree repeal peptloe wnich can potentially yield sii pans also 
yie as only IWO p a n s  These data indicate mat each hisWine s present in an lceniica mree 
dmensional envlronment in each tandem repeat 

O J ~  ce idlar molecuiar and structura data suggest tnat ailerea post transat~onai 
moa lcation 0 1  normal gene prwmts can resu~: in tne expresston of novei tumor specilc 
eptopes wn ch can be ut izea lo i n a a  an elkcave anti tumor respcnse wnen pesentea on 
an immunizrq ceii 01 choice These observations are now king ~I i t i~ed  10 m n s t m  a m a n  
based cellular vacc ne in me form 01 an anbgen pesenting cell VansIectea wm an approw ate 
m u m  expeswn vector am cytokines or msbmulatory moleQlies 01 mice 
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NZ 010 T CELL RECOGNITION OF HUMAN MELANOMA ANTIGENS, Yutaka Kawakami, Bert H.O'Neil, Michael I.Nishimura. Nicholas P.Restifo. 
Suzanne L. Topalian, Sophia S.Hom. John R.Yannelli. Joel Shilyansky. Peter Shamamian. Cynthia H.Delgado, Siona Eliyahu, 

Patrick Charmley'. Jonathan W.Yewdell'. Jack R.Bennink'. Leroy E.Hood'. and Steven A.Rosenberg. Surgery Branch, National Cancer Institute and 
'Laboratory of Viral Diseases, National Institute of Allergy and Infectious Disease, National Institutes of Health, Bethesda, MD 20892,  'Virginia Mason 
Research Center, Seattle, WA 981 01. and 'Department of Molecular Biotechnology. University of Washington, Seattle, WA 98195.  
Adoptlve transfer of tumor lnflltratlng lymphocytes ITlLl along with IL2 has antitumor peptides derlved irom anitgenic protens may bmd to dliierent MHC molecules and be 
act~vttv in mlce and humans Traffic Studies using Indium-1 11 labeled TIL or TIL marked presented to  T cells whlch are restrlcted at MHC lot, other than HLA-A2. If we can 
wtth the neomvcln resistance gene showed accumulation of transferred TIL In lsolate such antfgentc protetns. we may be able to  develop vaccmes to  mduce T-cell 
melanomas lmmunohistochemical studies showed massive infiltrates of T~cells and responses cn patjents expressmg a varlety of HLA types. lsoiat!on of melanoma anttgens 
macrophages in biopsies from melanomas that regressed after 112-related therapy. at both peptlde and gene level are !n progress. T-cell component of ant,-melanoma 
Therefore. T-cells are likely to be important immune cells In rn tumor regression. responses was also analyzed by determmng gene structure of TCR In melanoma SpeClflC 
We were able to  establish T-cell lines that Speclflcallv lvse aUtOlogOUS and some TIL uslng PCR and cDNA clonlng 
allogeneic melanomas sharing particular class I MHC molecules by culturing TIL in IL2 Defects ~n the expressLon of MHC may lead to tumor escape from T-cell 
containing media HLA-A2 IS the most frequently expressed Class I HLA molecule and irnmunesurvelllance We found 4 melanoma cell lhnes w h c h  express hnie class I MHC on 
possibly a dominant restriction element for the mductlon of mela:lOma-SPeClflC T-cells. therr surface. It IS lhkely that these melanoma cell lhnes have defects In 02-m1croglobul1n 
Seberal TIL lines or clones were established from HLA-A2 patrents We have analyzed 3 expresslon. because gntroduction oi the gene codlng for normal D2-m1croglobul~n by 
components important in the T-cell recognlilon of melanoma. MHC. anwen and T-cell vaccma YWS vectors to  these cell lmes Increased class I MHC expressfan. Two of these 
receptol ITCRI. Depending on TlL lheS tested. these TlL lvse 8/16150%1- 14115193%) cells expressed llttle mRNA for 02-rn~croglobul1n. Thls may be one of the mechanlsrns 
HLA-A2 melamma cell lines derlved from dliierent patlents. In addltlon. these TIL lvse by whlch some melanomas escape from T-cell recognltlon. 
11117i65%1 of naturally HLA-A2 negatlve melanoma cell Imes after HLA-A2 was 
expressed on these tumors by cntroduclng the HLA-A2.1 gene wlth recornhlnant vaccmia References 
virus None of the non-melanoma cell hnes tested were lysed by these TIL These results 1. Kawakaml Y. Zakut R. Topallan SL, Stotter H, Rosenberg SA. Shared human melanoma 
suggest the extstence of shared melanoma-speclflc antigenic peptldes that are recagnlzed antcgens: Recognltton by tumor midtratmg lymphocytes In HLA-A2.1 transfected 
by T-cells in the Context of HLA-A2 molecules and also Suggest that precursor proteins melanomas J lmmunol 1992: 148:638-643. 
tor shared melanoma antigenic peptides exist in HLA-A2 negatlve melanomas. Dlifereni 

Oncogetie Prodtcts as Turnor-Specffic Inzmunosiimulaio~ Anrigens 
NZ 011 

University of Washington, Seattle, WA 98195. 

T CELL IMMUNITY TO ONCOGENIC PROTEINS INCLUDING MUTATED p21 RAS AND CHIMERIC p210 BCR-ABL . 
Martin A. Cheever, David J. Peace, Mary L. Disk, and Wei Chen. Department of Medicine, Division of Oncology (Mailstop: RM-17), 

Ras oncogenes are activated by point mutation in approximately 20% of human 
malignancies. The mutations occur primarily at codons 12 or 61 which results in 
expression of a ~21'- protein with a single substituted amino acid at residues 12 or 
61. Only a limited number of amino acid substitutions occur. Murine studies will 
be presented demonstrating that both class ll restricted CD4+ T cell responses and 
class I restricted CD8+ T cell responses specific for mutated p21" protein can be 
elicited and can affect tumor viability. Thus, activated p 2 P c a n  serve as a cancer- 
specific antigen. 

To elicit CD4' T cell responses, mice were immunized with synthetic peptides 
comsponding to the mutated region of ~21 , -  protein. Each mouse strain was 
capable of responding to a distinct spectrum of mutated peptides In some but not 
all circumstances, the peptide-specific T ceh could respond to p21'u protein. In 
these circumstances, T cells specific for the mutated segment of ~21'- could also 
be elicited by immunization with whole protein. In two in vivo models, CD4+ 
p2Ir"-specific T cells could be shown prevent growh of ras-positive tumors. 

Class I MHC restricted cytotoxic T cells which recognize the mutated segment of 
activated ~ 2 1 ' 0 ~  protein have been generated in one prototype model. To elicit 
CDK+ CTL responses, ras peptides with an amino acid motif potentially 
appropriate for binding to murine class I MHC molecules (WZb) were synthesized 
and analyzed for the ability to bind to class 1 MHC molecules. FNA-S,  a mutant 
B6 leukemia line which expresses unstable "empty" class I molecuks (H-2b) was 
used as a binding assay system. Peptides corresponding to the mutated segment of 
the p2I- protein enhanced the surface expression of class I MHC on RMA-S. 
Incubation of B6 spleen cells with some but not all of the binding ras peptides 

under primary in v i m  immunization conditions induced CTL specific for the 
immunizing ras peptides. Long-term cultured CD8+ T cell lines retained specific 
cytolytic activity and were able to lyse tumor cells transformed by the 
corresponding ~ 2 1 ' ~  protein. Thus, activated p21'-, an intracellular protein, is 
available for processing and presentation via the class I MHC pathway. 

Data from experiments to similarly evaluate the generation of T cell immunity to the 
joining region segment of p210bcr.&"protein will be presented. The hallmark of 
chronic myelogenous leukemia is the translocation of the human c-nbl proto- 
oncogene from chromosome 9 to the specific breakpoint cluster (bcr) region on 
chromosome 22. The t(9;22) translocation results in the formation of a bcr-abl 
fusion gene that encodes at 210-kDa chimeric protein with abnormal tyrosine 
kinase activity. The joining region segment of chimeric bcr-abl protein is 
composed of a unique combination of c-abl and bcr amino acids and is expressed 
only by malignant cells. Immunization of mice with synthetic peptides 
Corresponding to the joining region segment elicited peptide-specific CD4+ class Il 
MHC-resmcted T cells. The peptide-specifc T cells recognized only the chimeric 
joining region sequence and could recognize p 2 1 W d  proteins. The response to 
protein demonstrates that p210bCrdprotein can be processed by APC so that the 
joining region segment is bound to class II MHC molecules in a configuration 
similar to that of the immunizing peptide, and in a concentration high enough to 
stimulate peptide-specific T cells. Thus, p2106C'-0b' protein, as well as ~21'"s 
represent potential tumor-specific antigens related to the transforming event and 
shared by multiple individuals with malignancies. Preliminary experiments to elicit 
human bcr-abl-specific T cells by primary u? v i m  immunization will be presented. 

NZ 01 2 PEPTIDE VACCINATION WlTH A CYTOlDXIC T CELL EPlTOPE DERIVED FROM THE HUMAN PAPILLOMA VIRUS 
TYPE 16 ONCOGENE E7 CONFERS PROTECTION AGAINST HPV16 INDUCED TUMORS, Mariet C. W. Feltkampl2, 

Henk L. Smit9, Michel P. M. Vierbooml, Red  P. Minnaarz, Barteld M. de Jonghz, Jan Wouter Drijfhoutl, Jan ter Scheggetz, 
Cornelis J. M. MelieP, and W. Martin Kastl, lDepartment of Immunohematology and Bloodbank, University Hospital Leiden, P. 
0. Box 9600,2300 RC Leiden, The Netherlands, ZDepartment of Virology, Academic Medical Centre, Meibergdreef 15,1105 AZ 
Amsterdam, The Netherlands. 
Human papilloma viruses (HPV) are considered to be 
involved in the pathogenesis of congenital cancers. In up to 
100% of the cervical carcinomas, HPV-DNA can be detected, of 
which HPVl6 accounts for over 50%. Apart from in oitro 
immortalizing human keratinocytes and transformation of 
human fibroblasts, HPV16 also immortalizes mouse cells. This 
allows a detailed study of the immune responses against 
HPVl6 induced tumors in mice and of possible vaccination 
strategies against HPVl6 induced tumors. The possibility of 
conferring protection against an HPV16 induced tumor was 
investigated by vacdnation with viw-derived peptides able to 
induce tumor-spedfic cytotoxic T lymphocytes (a). Potential 
peptide epitopes derived from the viral oncoges HPV16 E6 and 
E7 were identified by testing a complete set of 240 
overlapping synthetic peptides for binding to major 

amino acids (aa) length and 8 aa overlap were analyzed for 
binding to "empty" MHC class I Kb and Db molecules present 
on the antigen-processing defective cell line RMA-S. In a set of 
30 binding peptides, 5 putative CTL epitopes were identified, 
one of which is binding to the H-2 Db molecule with the 
highest affinity, is located in E7, and is partially overlapping a 
previously described T helper cell epitope. Immunization of 
86 mice (H-2b) with a peptide comprising these two epitopes or 
with a peptide comprising the CTL epitope alone, both 
suspended in an adjuvant, induced CTL memory and resulted 
in protection against a subsequent challenge (3 weeks later) 
with HPVlCtransformed tumor cells. Furthermore, the CTL 
response against this CTL epitope measured in oitro cross- 
reacted with the HPVl6 induced tumor cell line, indicating 
that this peptide is naturally processed in HPVlCtransfonned 
cells of 86 mice. histocompatibility complex class I molecules. Peptides of 9 
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NZ 014 EVIDENCE FOR PEPTIDE - CHAPERONING BY THE ENDOPLASMIC RETICULAR HEAT SHOCK PROTEIN 
GP96 : IMPLICATIONS FOR VACCINATION AGAINST CANCER AND INFECTIOUS DISEASES, Pramod K 

Srivastava, Heiichro Udono, Nathalie E Blachere, Zihai Li, Anna M Feldweg, Robert G Maki and Daniel L Levey, Dept of 
Pharmacology, Box 1215, Mount Sinai School of Medicine, New York, NY 10029. 

Gp96 heat shock proteins (HSPs) elicit immunity specific to 
t h e  tumors  from which they a r e  isolated, b u t  not to 
antigenically distinct tumors (1). Gp96 isolated from normal 
tissues does not  elicit immunity to tumors tested (2). 
However, no differences are seen i n  gp96 cDNA sequences 
between tumors and normal tissues or among tumors. 
Specificity of immunogenicity also does arise from 
differential glycosylation. I n  view of t h e  lack of tumor- 
specific differences inspite of antigenic specificity and i n  view 
of the observations that a number of HSPs bind to a wide 
array of molecules, including peptides, we proposed (3) that  
gp96 molecules are not immunogenic per se, but are carriers 
of antigenic peptides, which associate with..them. In view of 
the predominant localization of gp96 in the endoplasmic 
reticulum (ER), we further suggested that gp96 acts as 
peptide-acceptor for peptides transported to ER and may be 
accesso?y to peptide-loading of MHC class I molecules. Our 
suggestion is  supported by the following observations : 

Peptides can be eluted from gp96 by acid-stripping. Two 1- 
mer peptides have been characterized by spectroscopy; 

Gp96 contains ATP-binding casettes, binds ATP in vitro and 
in vivo and is a Ca++, Mg++ dependent ATPase (41; 

* A p a r t  from eliciting protect ive tumor  i m m u n i t y ,  
immunization with gp96 elicits class I -restricted CTLs, 
specifically against the tumor from which i t  is prepared. 
This phenomenon is restricted to tumors. Consistent 
with our prediction (3), gp96 isolated from influenza virus- 
infected cells, SV40 transformed cells and a mouse 
leukemia can immunize and elicit specific CTLs in each 
system 15; 
Addition of gp96 to RMA-S extracts facilitates assembly of 
MHC class I - p2 microglobulin complexes; 
Similar to other elements involved in presentation by MHC 
class I, expression of gp96 is up-regulated by y-interferon 

1. Srivastava et al. 1986 Roc Natl Acad Sci USA 83,3407.2.Udono 
& Srivastava 1992 See abstract this meeting.3. Srivastava & hlaki 
1990 Curr Top Micro and Immun 167, 109.4. Li & Srivastava 1992 
See abstract this mtg 5. Blachere 1992 See abstract this meeting. 

NZ 015 CTL RECOGNITION OF DNA VIRUS ONCOGENE, Satvir S. Tevethia, Nancy L.Lill, Alison M. Deckhut, Mary J. Tevethia, John 

Hershey, PA 17033, 

Simian virus 40 (SV40), a DNA virus, codes for a 94 kD oncogene, 
known as large tumor or T antigen. The large T antigen contains all the 
necessary information to immortalize and transform nonpermissive cells 
in  vitro and in vivo. The T antigen also induces the generation of MHC 
class I restricted cytotoxic T lymphocytes (CTL). The recognition of T 
antigen by CTL clones established from C57BU6 mice immunized with 
T antigen is limited to five epitopes in T antigen. The CTL recognition 
epitopes have been localized to amino acid residues 207-215 (site I), 
223-231 (sites II/III), 404-411 (site IV) and 489-497 (site V) in T 
antigen and were detected by CTL clones Y-1, Y-2, Y-3, Y-4 and Y-5 
respectively. CTL clones Y1, Y-2, Y-3 and Y-5 are H-2Db restricted 
and the Y-4 Cn. clone is H-2Kb resmcted. In order to correlate 
structure-function relationship, epitope loss variants were selected in 
vim which were resistant to lysis by the site specific CTL clones. 
However, these variants maintained the expression of MHC class I 
antigen. Variants resistant to lysis by the CTL clone Y-1 had lost the 
expression of epitopes I and MI1 and variants selected by either CTL 
clone Y-2 or Y-3 lost the expression of epitopes II/III. Variants 
generated after selection of SV40 nansformed cells with CTL clone Y-4 
or Y-5 had lost the expression of epitopes IV or V respectively. 
Molecular analysis of Y-1 resistant variants identified a deletion in the 
region of SV40 T antigen which codes for epitopes I, II/III. Point 

Lippolis and Tong- Ming Fu, Department of Microbiology and Immunology, The Pennsylvania State University College of Medicine, 

mutations were identified in varaints selected by CTL clones Y-2 and Y- 
3 at residues 228 and 230 respectively. Point mutations at residues 491 
and 496 were identified in variants selected by the CTL clone Y-5. In 
order to determine the role of residues in the recognition of epitopes by 
CTL clones, p i n t  mutations identified in the epitope loss variants, were 
reconstructed into wild type T antigen coding sequences by site-directed 
mutagenesis and the mutant T antigens were expressed in B6 embryo 
fibroblasts. These cells were used as target cells in the cytotoxicity 
assay against CI'L clones Y-2, Y-3 and Y-5. The results indicated that 
each amino acid substitution caused the loss of the relevant CTL 
recognition epitope. The identical amino acid substitutions in the 
synthetic peptides representing the CTL recognition epitopes 11, I11 and 
V also resulted in the loss of peptide recognition by site-specific CTL 
clones. Since variants selected by the CTL clone Y-1 were shown to 
contain deletions in the region of CTL epitopes I, IUIII, point mutants 
were generated in the coding sequence for site I and residues critical to 
the recognition by the m L  clone Y-1 have been identified. We 
conclude that the spontaneous mutations and deletions in the coding 
region of CI'L recognition epitopes in the DNA virus oncogene leads to 
the escape of nansformed cells from immnunosurveillance as the variant 
cells retain their ability to form tumors in athymic nude mice. 
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lmriiurie SuppresJiuii a d  Anerg! (Joint) 
NZ 016 THE ROLE OF CELL DIVISION IN THE INDUCTION OF 

D i u t h u  R. DeSilva, University of Minnesota, Minneapolis. 
Secretion of maximal amounts of IL-2 by CD4+ T h l  clones 

depends not only on T cell antigen receptor (TCR) signaling but also on 
non-specific costimulatory signals from antigen-presenting cells (APC). 
When both signals are provided, for example when dendritic cells present 
antigen, the T cells undergo multiple rounds of cell division in response to 
the IL-2 that they produce, returning eventually to a resting state in which 
they are ready to respond to antigenic stimulation once again. We and 
others have shown that the T cell surface molecule CD28 transduces a 
costitnulamy signal either when occupied by monoclonal antibodies or by 
its ligand, the APC surface molecule B7. CD28 crosslinking g e a t l y  
enhances the amount of I L 2  and other lymphokines produced by T cells 
stimulated through their TCRs. CD28 signal transduction involves a 
cyclosporin A-resistant biochemical pathway distinct from the hydrolysis 
of inositol phospholipids. 

If T h l  cells d o  not proliferate following TCR signaling they 
become unable to produce IL-2 in response to  subsequent antigenic 
stimulation. Unresponsiveness (also called anergy) results when the TCR 
is occupied and CD28 signaling does not occur, for example when B7- 
negative M C s  present antigen or when the CD28/B7 interaction is 
blocked by an uncrosslinked anti-CD28 antibody. Anergy can also be 
induced when the TCR is occupied and subsequent cell division is 

T CELL ANERGY, Marc K. Jenkins, Julia Johnson, Besty Keamey. 

inhibited. This occurs when T h l  cells are stimulated with peptide antigen 
and APC in the presence of anti-IL-2 and anti-I12 receptor antibody or 
agents that inhibit IL2 responsiveness such as rapamycin, genistein, o r  
PGE2. Chronic stimulation of Thl cells with anti-CD3 antibody when 
APC ate present results in IL-2 production, however the capacity of the T 
cells to proliferate is  inhibited by an unknown mechanism. Anergy is also 
induced under these conditions. Therefore. based on these results the 
optimal situation for lymphokine production, clonal expansion, and 
retention of subsequent responsiveness by T h l  cells is  transient antigen- 
presentation by a B7-expressing APC. 

Using a differential screening approach we have recently shown 
that although T cells stimulated with anti-CD3 antibody in the absence of 
APC produce very little IL-2 mRNA. they do  produce large numbers of 
transcripts that encode macrophage inflammatoty protein-la and another 
unknown member of the small cytokine family. The accumulation of 
neither of these aanscripts is enhanaxi by CD28 costimulation. Although 
the functional significance of these findings is presently unclear it is  
possible that these cytokines may be involved in the unresponsive state 
either by preventing T cell responsiveness to IL-2 or by modifying the 
costimulatory properties of AFT. 

NZ 017 

Infants born to HBeAe-oositive HBV carrier mothers invariablv become 

ROLE OF T CELL TOLERANCE IN THE PERSISTENCE OF HEPATITIS B VIRUS INFECTION, David R. Milich, Toshiyuki Maruyama, 
Joyce Jones, and Janice Hughes, The Scripps Research Institute, La Jolla. - _  

persistently infected. To investigate the role of immunologic tolerance 
mechanisms in chronic infection of the newborn, we have generated 
HBeAg-expressing transgenic mice (BIO.S/e31). These mice were tolerant 
to both HBeAg and the nonsecreted HBcAg at the T-cell level. 
Furthermore, nontransgenic littermates born to HBeAg-expressing mothers 
showed reduced T-cell responses to HBcIHBe antigens, suggesting that 
tolerogenic HBeAg may transverse the placenta. Tg mice did not produce 
antibody to HBeAg but did produce IgM antibodies to HBcAg via a T cell- 
independent pathway. The coexistence of tolerance to HBcIHBe T cell 
determinants and production of antibody to HBcAg in vivo parallel the 
immunologic status of neonates born to carrier mothers. The maintenance 
of T cell tolerance to HBcIHBe antigens required the continued presence of 
the tolerogen and in the absence of HBeAg persisted for less than 16 weeks. 
The reversibility of T cell tolerance to HBcjHBe antigens may explain the 
inverse correlation between age of infection and rates of viral persistence. 
These observations suggest that a function of the HBeAg may be to induce 
immunologic tolerance in ulero. Expression of HBeAg may represent a 
viral strategy to guarantee persistence subsequent to perinatal infection. 
Further studies in F I  hybrid Tg mice (BlO x BIO.S/e31) illustrated that 
"self tolerance to HBeAg is variable depending on the MHC genotype. A 
dominant T cell site on HBeAg (~120-131 and I-AS-restricted) is 
tolerogenic, w ereas a proportion of T cells recognizing p129-140 in the 
context of I-A evade induction of tolerance, persist in the periphery, and 
can be activated in vivo by a single injection of the 12 residue T cell self- 
peptide. Furthermore, the self-reactive T cells can cooperate with self- 

9l 

reactive, HBeAg-specific B cells to mediate m V I V O  production of 
autoantibody sufficient to neutralize detection of the autoantigen in serum. 
This model illustrates that T cells specific for an immunnogenic T-cell site 
on a nonsequestered autoantigen can escape induction of tolerance (i.e., are 
not deleted or anergic) and, more importantly, can mediate autoreactivity in 
VIVO. These murine studies suggest that chronic HBV (CH-B) carriers may 
also possess "quiescent" T cells that have evaded tolerance induction. In 
order to examine the relevance of this murine model, 200 HBeAg-positive 
CH-B carriers with varying degrees of liver disease (ie. CAH, CPH, ASC) 
were analyzed with novel and sensitive serological assays capable of 
detecting serum anti-HBe and anti-HBs antibodies regardless of the 
simultaneous presence of their respective antigens. All 200 patients were 
seronegative for anti-HBs and anti-HBe by commercial assay. This analysis 
revealed: ( I )  virtually all CH-B patients with liver disease and 
approximately 50% of CH-B patients without liver disease demonstrated 
ongoing humoral immune responses specific for HBeAg, HBsAg, and pre- 
SAg in addition to variable responses to HEkAg; (2) three serologic profiles 
of CH-B infection were identified; (3) these "silent" immune responses may 
occur for a number of years prior to liver disease or viral clearance; (4) the 
quantitative or qualitative characteristics of the immune responses correlate 
with clinical status; and ( 5 )  this array of humoral immune responses appears 
to be mediated exclusively by HBeAg-specific T helper cells. These results 
redefine the serology of CH-B infection. The serological data is also 
consistent with the hypothesis that T cell tolerance to HBeAg plays a role 
in chronicity, and that HBeAg-specific T cells emerging from the tolerant 
state mediate liver injury and HBV clearance in CH-B infection. 

NZ 018 I M M U N E  REGULATION BY T CELL CYTOKINES,  
Edmonton, Alberta T6G 2H7, Canada. 

The immune system can respond to infectious agents by a variety 
of effector mechanisms, each of which i s  appropriate for  different 
types of pathogen. T h e  decision between these responses is  
under shingent regulation, and  part of  this control i s  mediated by 
the cross-regulation of  T cell subsets secreting different cytokine 
patterns. T w o  major T helper subsets are THl and  TH2 cells,  
which  differ markedly i n  the  patterns of cy tokines  tha t  they  
secrete after antigen stimulation. T h e s e  patterns are main ly  
responsible for  the different functions of  the two subtypes. T H I  
cells induce  an inflammatory response,  including activation of 
granulocytes and  macrophages.  I n  contrast ,  TH2 ce l l s  are 
excellent helpers for B cell  an t ibody production, and  i n  the 
absence of a significant Interferon y response, TH2 cells induce a 
strong allergic response d u e  to secretion of IL4, IL5 and ILlO. 
Other T cell subtypes also exist, but the functions of  these cells, 
and the interrelationships between them, are less well  understood. 
T h e  functions of  THl and TH2 cells are often reciprocal, especially 
in strong immune responses such as occur during many parasite 

Tim Mosmann, Department of  Immunology, University o f  Alberta, 

infections.  Subse t -spec i f ic  cy tokines  are involved  i n  th i s  
regulation: ILlO inhib i t s  THl responses  a t  t h e  leve l  of  
macrophage activation and indirectly, b y  inhibiting THI cytokine 
production; IL4 enhances  differentiation of  TH2 but  no t  T H 1  
cells; and  IFNy inhibits the proliferation of  TH2 cells. We have  
recently been  s tudying  the  functions of  another  TH2-specific 
cytokine, P600, which was  initially characterized as an induction- 
specific c D N A  c lone  isolated f r o m  TH2 cells. W e  have  n o w  
expressed  r e c o m b i n a n t  P600 protein a n d  charac te r ized  t h e  
functions of this cytokine. P600 does  not  have  activity i n  m a n y  
of  t h e  assays  i n  which  TH2-specific cy tokines  are active.  
However ,  P600 enhances  t h e  production of an adherent  ce l l  
population from bone marrow precursors. The resulting cells have  
high expression of t h e  m a n o p h a g e  markers M A C 1  and  F4/80. 
Although these  ce l l s  are n o t  phagocyt ic  for antibody-coated 
erythrocytes, they are effective antigen-presenting cells for T cell 
clones specific for  particulate, soluble or alloantigens. 
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h'elnted S\ vein5 A/ /o i in in i~ i i~h,  Aictoiniiniiii~h. GVH 
NZ O19THE R O L E  OF INTERLEUKIN 1 (IL-1) AND IL-1  R E C E P T O R  ANTAGONIST IN GRAFT-VERSUS-HOST DISEASE 

James L.M. Fer rara ,  M.D. Dana  F a r b e r  Cancer  Insti tute a n d  H a r v a r d  Medical School, Boston M A  02115 

Graft versus host disease ( G W )  is the major complication of allogeneic 
bone marrow transplantation. The inflammatory cytokine tumor necrosis 
factor has been shown to be an important mediator of GVHD in both 
clinical and experimental transplantation. We have investigated the role of 
the inflammatory cytokine IL-1 in GVHD using a mouse bone manow 
transplantation model. In this model (BIO.BR --> CBA) donor and 
recipient mice are identical at the H-2 locus but they differ at multiple 
minor histocompatibility loci. We have used this model to analyze 
cytokine dysregulation in GVHD target organs with a quantitative 
cytokine MAPPing technique that used competitive PCR. To perform the 
competitive PCR we constructed a competltive template which could be 
used ro quantitate mRNA transcripts for five different cytokines as well as 
actin. Using this technique we found that IL-1 mRNA was significantly 
induced in splenocytes at  this time. Surprisingly, IL-2 was not 
signficiantly increased. The &tical role of IL-I in GVHD was confirmed 
by the administration of an IL-1 receptor antagonist (IL-Ira) in vivo. 
Injection of IL- Ira either as prophylaxis (day 0 - 10) or as neatment (day 
10 - 20) significantly reduced the mortality of GVHD. In addition, the 
immunosuppression associated with G V H D  was also significantly 
reduced in mice receiving IL-Ira. We conclude that (1) quantitiative 

cytokine MAF'Ping is an imponant technique for the analysis of cytokine 
dysregulation during allogeneic reactions such as GVHD; (2) GVHD is a 
systemic inflammatory process in which the monokine IL- I is a critical 
effector molecule; and (3) inhibition of IL-l by IL-Ira offers a novel 
approach to both the understanding and control of GVHD. We have tested 
this last conclusion in a Phase I/II dose escalation mal of a seven day 
constant IV infusion of IL-lra for patients with steroid-resistant GVHD. 
All patients had received bone marrow transplants from HLA identical 
siblings or matched (5 or 6 HLA antigens) unrelated donors at the 
Children's Hospital or the Brigham and Women's Hospital in Boston. 
Initial evaluation of IL-Ira in twelve patients shows that it has mnirnal 
toxicity, with only one patient experiencng a transient rise in SGOT which 
resolved completely upon cessation of the drug. N o  deleterious effects of 
IL-lra were observed on peripheral blood counts or peripheral blood 
progenitors. Approximately fifty percent of patients showed stabilization 
or improvement of their GVHD, and two patients had complete 
responses. Phramacokinetic studies showed that steady-state serum 
concentrations were all within predicted range of values. lL-lra appears to 
be both safe and effective at the doses tested and further evaluations of 
this novel agent are justified in treatment and prophylaxis of GVHD. 

Gerie Therap! : fiorisdiiction of Cvrokirie Genes into Tumor or Effector Cells 

NZ 020 CYTOKINE GENE-MODIFIED TUMOR VACCINES. EFFICACY AND MO E OF ACTION, El' Gilboa', John 
Connor', Rajat Bannerji , Shiro Saito2, Johannes Vieweg', Warren Heston'. William Fair', 

'Program in Molecular Biology and*Department of Urology, Memorial Sloan-Kettering Cancer Center, 
New York, New York. 
We have previously shown that injection of IL-2 or a rat model for prostate cancer Will also be 
IFN-gamma gene-modified fibrosarcoma (CMS-5) cells discussed. 
into BALB/c mice prevented the growth of parental 
tumor cells. In the current study we have explored In-vitro cytotoxicity assays, in-vivo depletion 
the utility of cytokine gene-modified tumor experiments, and histological analysis at the Site 
vaccines using another mouse tumor model, MBT-2, of tumor challenge have shown that CytOtOXiC T 
which constitutes an excellent model for human cells (cTL) are the main effector arm responsible 
bladder cancer. To approximate the animal model as for the eradication Of tumor Cells. 
closely as possible to its human counterpart, Immunohistological analysis has shown, 
irradiated tumor cells were used for immunization, unexpectedly, that NK cells or macrophages are the 
and a surgical procedure was used to implant predominant cell type infiltrating in response to 
orthotopically the tumor challenge into the bladder secretion of IL-2 or IFN-gamma, respectively, and 
wall Of the mouse. The main findings from this that T cells are absent from the site of 
study were that IL-2, and to a lesser extent, IFN- immunization with the cytokine-secreting tumor 
gamma gene-modified MBT-2 cells were capable of cells. A model for the induction of antitumsr CTL 
curing mice from a significant burden of a responses consistent with the absence of T cells at 
Preexisting primary tumor and its metastasis, and. the site of immunization will be presented and its 
that mice cured from their existing tumor were implications for the establishment of peripheral 
resistant to a subsequent challenge with parental. tolerance, as well as the controversial issue of 
tumor cells. Preliminary results from studies using imunogenicity of tumors, will be discussed. 

NZ 021 DISSECTION OF THE IMMUNE RESPONSE INDUCED BY TUMORS ENGINEERED TO SEcltFTIT! LYMPHOKINES 
Drew M. Pardoll MD. PhD. 

The Johns Hopkins University, School of Medicine, Baltimore, MD 21205 
There is mounting evidence that many if not all tumors generated by immunization with GM-CSF transduced tumor 
possess antigens capable of being recognized by T cells. A 
number of molecular strategies aimed at enhancing the cells. Furthermore, PCR analysis revealed a burst of 
immunogenicity of tumors have strengthened the hypothesis endogenous IL-2 and IL-4 synthesis by T cells in draining 
that the failure of an adequate anti-tumor immune response lymph nodes at day seven after immunization. Furthermore, 
may be due to defects in immune regulation rather than an despite the fact that CDB+ tumor specific T cells were 
absence of tumor specific antigens and therefore an absence generated by this immunization scheme, the rejection of MHC 
of tumor specific T cells. Over the past few years, our group class I+ challenge tumors did not require that the immunizing 
has been analyzing the immune response induced by tumor express MHC class 1 molecules on its surface. Taken 
immunization with tumors engineered to secrete cytokines together, these findings suggest that immunization with GM- 
locally. Immunization of animals bearing small amounts of CSF transduced tumor cells alters the presentation of tumor 
established renal cell carcinoma were in fact able to be cured specific antigens such that powerful antigen presenting cells 
of their disease by the systemic immune response induced by are brought to the tumor site which process and present both 
syngeneic tumor cells transduced with a murine Interleukin- MHC class I and MHC class 11-restricted antigens. Generation 
4 gene. More recently. in collaboration with Richard of CD8+ tumor specific T cells by this immunization strategy 
Mulligan's laboratory, we have evaluated the immune has allowed us to analyze the complexity of tumor speciflc 
responses generated by tumors transduced with retroviral peptides recognized by the CTL population. In one colon 
vectors carrying the GM-CSF gene. In this model of paracrine tumor there was a single predominant tumor specific peptide 
cytokine production. GM-CSF stood out as the most effective 
lymphokine in inducing systemic immune responses against peptide activity were identified. Upon dilution. one 
the poorly immunogenic F10 variant of B l 6  melanoma. immunodominant peptide could be discerned among the three 
Hystologic analysis of the inflammatory infiltrate within the specific tumor peptides. Implications of these analyses for the 
GM-CSF transduced tumor cells revealed a large number of development of  strategies for human cancer immunotherapy 
activated macrophage-like cells together with a moderate will be discussed. 
number of granulocytes. The systemic immune response 

cells was found to be dependent both on CD4+ T cells and CD8+ T 

identified. In the 8 1 6  melanoma system. three peaks of 
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NZ 022 CD28/B7 CO-STIMULATION OF HUMAN T CELLS L L Lanier, J H Phillips. M Cayabyab and M Azuma DNAX Research 

Institute for Molecular and Cellular Biology. Inc , Department of Immunology, 901 California Avenue, Palo Alto, California 94304 
Interaction between CD28, a membrane antigen expressed on T 
lymphocytes, and 87, an activation antigen present on activated B 
cells. macrophages, and dendritic cells results in augmentation of T 
cell activation initiated via the CD3/TcR complex. CDZWB7 co- 
stimulation enables small, resting human peripheral blood T cells to 
mediate anti-CD3 re-directed lysis against murine target cells 
transfected with human 87. We now demonstrate that cytotoxicity is 
mediated by pre-existing cytotoxic effectors within the small, resting 
“memory” T cell population and by the de novo generation of 
additional CTL within both the “memory” and ”virgin” T subsets. This 
conclusion is based on analysis of the kinetics of the response and 
the effects of metabolic inhibitors on the generation of CTL function. 
“Memory” CD45RO+ T cells demonstrated cytotoxicity within 4 hr of 
co-culture with anti-CD3 mAb and B7+ P815 cells and cytolysis was 
only partially prevented by inhibitors of protein synthesis. By 

contrast, “virgin” CD45RO- T cells demonstrated anti-CD3 induced 
lysis against B7+ P815 targets only after 6 hr or 8 hr of co-culture and 
cytotoxicity was completely prevented by inhibiting protein synthesis. 
Induction of cytotoxicity was B7-dependent in that parental P815 cells 
and P815 cells transfected with CD72 and VCAM-1, ligands for T cell- 
associated membrane receptors CD5 and VIA-4 respectively, did not 
initiate cytotoxicity. Our studies further revealed cooperation between 
the CD28 I 8 7  and LFA-1 / CAM pathways in the generation of CTL 
from small, resting T cells. However, after CTL generation, the CD28 
- 87 interaction was not required for cytotoxic effector cell function. 
These observations may have important physiological implications 
since this would permit activated CTL to lyse targets in vivo that do 
not express 87, after the CTL were generated by antigen-presenting 
cells that do express 87 or possibly other co-stimulatory molecules. 

kccine Design and Srraregies (Joint) 
NZ 023 

Institutes of Health, Bethesda, MD 20892 USA. 
Recent advances in the understanding of antigen processing and 
presentation facilitate the identification of antigenic sites recognized by 
CD4+ helper T cells and by CD8+ cytotoxic T lymphocytes (CTL), and 
suggest methods to optimize the activity of these for construction of 
synthetic peptide vaccines aimed at eliciting T-cell immunity. We have 
characterized the functional role of each residue in an HIV envelope 
peptide recognized by helper T cells from mice and humans. Only a few 
of the amino acid residues were necessary for binding to class I1 major 
histocompatibility complex (MHC) molecules and immunogenicity, as 
shown using a peptide consisting of only four of the original residues, 
with the rest replace by Ala The other residues were more remarkable for 
the negative impact they could have. Several of the non-critical residues 
could play a deleterious role if replaced with the wrong substitution, and 
removal of one negative charge in the natural sequence led to a peptide 
100-fold more potent for stimulating specific T cells and for binding to 
MHC molecules, emphasizing the importance of adverse interactions in 
peptide-MHC binding. Similarly for a CTZ site presented by multiple 
murine and human class I MHC molecules, (JIZ specificity was shown to 
focus on the distinction between aromatic and aliphatic side chains at one 
position. This result, in turn, allowed the construction of chimeric 
peptides that induced broadly crossreactive CTL responses for multiple 
strains of HIV-I, and that may reduce the risk of outgrowth of escape 
mutants. Thus, understanding the molecular basis for MHC binding and 

SYNTHETIC PEPTIDE STRATEGIES IN THE INDUCTION AND ANALYSIS OF T-CELL RESPONSES TO HIV AND TUMORS, 
Jay A. Berzofsky, Molecular Immunogenetics and Vaccine Research Section, Metabolism Branch, National Cancer Institute, National 

T-cell recognition can facilitate improvements in synthetic vaccines 
beyond the use of just natural peptide sequences from the pathogen. 

Another problem in the design of a synthetic vaccine is the 
polymorphism of the MHC, leading to differential recognition of different 
antigenic determinants of the same protein by individuals of different 
MHC types. One approach to overcome this problem that we have used 
for helper T-cells specific for the HIV-1 envelope protein was to identify 
multideterminant regions encompassing seveml overlapping determinants 
presented by different MHC molecules. Synthetic peptides spanning such 
multideterminant regions elicited T cell responses in multiple strains of 
mice and in humans of multiple HLA types. An alternative approach is to 
identify truly promiscuously recognized antigenic determinants. We have 
found one HIV CI’L determinant to be presented by four different class I 
MHC molecules in mice and by at least two different class I molecules in 
humans. At least in mice, the same minimal core 10-residue sequence is 
presented by all four class 1 molecules. These antigenic sequences can 
then be coupled to produce a synthetic vaccine eliciting neuualizing 
antibodies and CTL in animals (or humans) of multiple MHC types. 
Thus, analysis of the T-cell responses to viral proteins can contribute to 
the rational design of new vaccines. Similar approaches can be applied to 
tumor antigens recognized by T cells, including mutant oncogene products 
and viral oncogene products as potential targets for vaccine prophylaxis 
and immunotherapy of cancer. 

NZ 024 

Abteilung Imungenettk. D-7400 Tiibingen, Germany 
MHC molecules are peptide receptors of particular MHC-peptide motifs, including the analysis of class I1 
speclficity. Many MHC class I molecules. for example, ligands. Several interesting aspects have been noted and 
require nonapeptides with two positions conserved. will be discussed: for example, Qa-2 molecules are peptide 
whereas the other positions can be occupied by various receptors of higher stringency than ordinary class 1 
amino acid residues. This information can relatively easily molecules, and A l l  molecules obviously can accommodate 
be obtained by lmmunoprecipitation of the MHC molecule of peptides from 8 to 11 residues, always with a charged C- 
interest, elution of the associated peptides. and sequencing terminus. For determining class I1 peptide motlfs, a useful 
of those peptides all together as a pool. Thls laboratory has way appears to be to use both pool sequences as well as a 
used that approach for several MHC molecules, including H- few individual peptides. Participation in this work of the 
2 Kd, U, Dd, Kb, Db, Kk, -1: Qa-2; HLA-A2 (*0201 and following persons is acknowledged: M. Takiguchi. D. 
*0205). A l l ,  A31, B35. B7. B37, B27 (‘2705: *2702). Cw7. Schendel, J. Strominger. M. Soloski. E. Weiss [contrlbution 
Cw4. Cw6. DR 1. and DR 5. The results indicate the use of of cell llnes); S. Stevanovic, G. Jung (peptide sequencing). 
pool sequencing for the purpose of obtaining information on 

POOL SEQUENCING FOR DETERMINING MHC PEITIDE MOTIFS 
Hans-Georg Rammensee, Kirsten Falk. O l d  R6tzschke. Max-Planck-Institut f i u  Biologie, 
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NZ 025 ANTIGEN-PULSED DENDRITIC CELLS ARE POTENT STIMULATORS OF TUMOR-SPECIFIC CD4+ T CELLS, 

Peter A Cohen, Steven A Rosenberg, and James J Mule, Surgery Branch, National Cancer Institute, Bethesda, MD 

Fresh immune CD4+ T cells can mediate potent antitumor effects in mice 
upon adoptive transfer It was previously impossible, however, to  grow 
murine anti-tumor CD4' T cells in culture except when putative antigens 
such as tumor-associated viruses were available to stimulate cultures Such 
antigens are unavailable for the great majority of murine as well as human 
tumors We have overcome this obstacle using syngeneic spleen dendritic 
cells (DC) to present crude tumor antigen to CD4+ T cells Snap freeze- 
thawed tumor cells were used to pulse fresh DC overnight, then the latter 
are cocultured with immunoaffinity column-punfied CD4' T cells freshly 
harvested from either tumor-hyperimmunized or tumor-bearing mice 

Splenocytes from CS7BL16 mice hyperimmunized to weakly 
immunogenic, syngeneic sarcomas such as MC-203 and 207 demonstrated 
highly specific CD4+ T cell proliferation when tested in five day 3H- 
thymidine proliferation assays Crossreactive proliferation was seen to 
fresh digests of other syngeneic tumors, but this proved to be a result of 
immunization to the bacterial collagenase added during tumor digestion. 
When tumor digests were cultured m to remove the collagenase, then 
harvested as a source of tumor antigen, there was complete elimination of 
crossreactive CD4+ proliferation both to non-sarcomatous syngeneic 
tumors such as 3LL and B16, and to other syngeneic sarcomata. 

Although capable of initiating highly specific proliferation of anti-tumor 
CD4+ T cells invitro, tumor-pulsed DC were by themselves inadequate to 
sustain longterm CD4' T cell growth Addition of a single dose of rhn-7 
(100 ng/ml) 36 hours after culture initiation resulted in sustained CD4' T 
cell proliferation over 2-3 weeks (3-8 fold expansion) without addition of 
exogenous IL-2 CD4+ cultures could be restimulated repeatedly or rested 
for weeks without irradiated feeder cells. Restimulated CD4' T cells 
themselves secreted IL-2 and y-INF (30-50 unitdmV72 hrs and 120-200 
unitdmV24 hrs, respectively), and could be grown in the presence of 
exogenous y-INF, properties suggestive of TH1 CD4' cells 

Anti-tumor CD4+ T cells could also be raised from the draining lymph 
nodes of sarcoma-bearing mice. IL-7 was essential to demonstrate initial 
proliferation in this instance. The added use of TGFP-I conferred markedly 
greater specificity of proliferation 

We conclude that the use of dendritic cells and IL-7 enables the 
successful propagation of murine anti-tumor CD4+ T cells in vitro. 
Adoptive therapy experiments utilizing these cultured cells are in progress. 
We are applying similar techniques to grow CD4+ cells T from patients 
with cancer. 

NZ 026 CYTOKINE-INDUCED TUMOR IMMUNOGENICITY: FROM EXOGENOUS CYTOKINES TO GENE THERAPY. Guido Forni 1, Federica CwOllOz. Federica 
Pericle 2 ,  Froncexo Di Pienoz. Mirello Giovareliiz, Albert0 Gulino 3, Alessandro Vacca 3, Mario P. Colombo 4, Giuliona Fenoris, Andrea Modesti 6. 

Piero Musiani 6, Antonetla Stoppacccaro 7, Pier Luigi Loiiini 8. Potrizia Nanni 8, Giordono Nicoletti 8, Coda De Giovanni 8, Maria Carlo Box0 9, Howard Young q ,  

1CNR Center of lmmunogenetics and Hi?,tocampatibilih/, 10126Turin. ZUniversity of Turin, 3 Univenrty of L'Aquila, Ystiuio Nazionak Tumori. Milan, Ystiuto 
Scientfico S. Rdfaele, Milan, Wniversfty of Chieti. 7Universrty of Rome, 8UniversrW of Bologna, italy, and 9NCI-Frederick. MD. 
The mqorlty of spontaneous m a s  ore not able to mduce a sgnificont Immune r q o n r e  hi 
Inobflitv resis momlv on poor pesenfahon of tumor ottoaoted ontlgens O W  bv the vew few 
MHC mdemles ewresed by tumor celk. absence of odhesion molecules. T A A  inemcient 

indrect pr-ntatlon by profegloml antigen pesenting celk. absence of the owrmote 
cyiok~m. ond me me of svwrBssor actlmb. 

me ~ 1 s ~  of cyiokines IS now becoming o smple way to try to lncreore tumor immunogeniahl 
Repealed 1 x 0 1  odmimotion of low amount of exogenous cvtokines around the tumor 
growh ore0 ~t o procedure thot con be eoyw undertaken with both mice ond tumor patlmk 
me gmk ore to nrst  octlvate o reaction strong enough to affect tumor wogrwon and 
evertuolly elidt 0 rvJtemlc TAA s)ecIfic Immune memory in syngeneic mice cnollenged 
s h a i l y  before 3 t h  the mimmol lW% tuma hduang doJe of on opprxently nonimmunwenlc 
wontoneom odenocorclnmo m/A) of the BALB/c Itroin at llnle at 10 U IL-2 12 303 IU I F N 7  
10 ~g of 11-4 or 1 10 pg o i  IL- I@ lhfected darkf lor  10 days lead to tumor rejection In 0 sgnlncont 
number of mlce In CNnIcal proctice innnrofion of It-2 orwnd lymph ncdes drammg moll heod 
and n e c k  squomom cell cordnomas or in the tumor mass induces 0 wMonhol number of 
complete or partiol rescmnres By cOntrOrt the Ill~ertion of on cytoklne gene In tmon requires 

me in vnro growth of tumor cells insertion of the gene wcnon of trOOIduced celb and 
evaluation of mmr tumorlgenldty Nmtumwlgenlc calk relmng owoprlote amounts of 
cytokmes con men be w d  Tor me treatment of mice and eventually of tuma patients The 
plmory goo1 k to elid o systemic lmmme memory f s  eventual quick WoblWlment Could 
OkO affect the growth of already emtlng tUmm Several doto Show mat cyioklne Secreting 
neoacsnc cells ore no longer tumorigenlc but mduce 0 protectlve Immune rewonre OgaII'Sl 
the parental tumor These data connrm thore we hove observed offer injectmg exogenous 
cyiokmes ond rnph-e me concept mot me local prasence of cyt&iies tronsform o 
tumw unable to ebdt on Immune rewonre Into 0 sgnol able to octlvde 0 rerpaue that Is 
pmpt enough lo overcome tumor obllty to grow 

To evobote me hnmunOgenlc Poienhol of cviokme releawng neoplartlc cells we ore wnently both me amount of 11-2 releared and me granulocyte rnedioted reactlm tho1 mov laad to 0 

wng emreson vectal to Introduce me cDNA coding for mMne cviokines (It 18 It 2 I F N q  more emaent pesentotlon of t m a  antigem me rdectlon of l L 4  relearing cdls depend5 or 
11-4 It4 I t  7 ond IL-10) Into the calk of me apporenny non immunogervc W A  eosinopMk and COB+ lynphocyies ruNle CD4+ lynphocytes ore lnlnnuentlol n d l h  0 very 
odenocafcmmo Rejection of It-Z-rdermng TSIAcells depends on neutrophlls infinrotion the emcent tumor-rpednc Immune memory that k move powerlu than thot induced by 1L 2 
intensly of mid k Oirectly propO(tiono1 to me amount of IL 2 releored CM+ T-lymphocytes rdeosng celb wlm both I L  2 and 11-4 me emdent induction of o tumorSpedfic Immune 
ore ininnuentlol mile COB+ lpphocytes play Only a m m  role T l w  neutrophddommnoted memory I& on T+mphccytes me number of tromfected tumorcelk used and the omwnt 
relectlon leoves 0 long IOrting tumor weonc T-lymphocyfe mediated immune m m a y  For ond the combmotion of cytokme releosed 
1% induction CM' lpphocytes ore rewired mmr specific activation a w e a ~  to d e n d  on 

NZ027 I L - 1  ENHANCEMENT OF CHEMOTHERAPEUTIC EFFICACY I N  MURINE TUMOR MODEL SYSTEMS, Candace S .  Johnson', Ming-Jei Chang:. Wei- 
Dong Yu'. Ruth A .  Modzelewski'. Daniel R.  Vlock', Mer r i l l  J. Egorin', Leonard Reyno', and Ph i l ip  Furmanski', 'University 

of P i t t sbu rgh ,  P i t t sburgh ,  PA 15213, 'Brigham and Women's Hospi ta l ,  Boston, MA 02115, 'University of  Maryland. Baltimore,  pm 21201 
and 'New York Univers i ty ,  New York, NY 10003. 
Biologic response modifiers (BFMs) p a r t i c i p a t e  i n  a wide 
v a r i e t y  of regula tory  functions inc luding  e f f e c t s  on immune 
func t ion ,  s t imu la t ion  of hematopoiesis,  d i r e c t  tumor c e l l  
c y t o s t a t i c  or cyto toxic  a c t i v i t i e s ,  p ro t ec t ion  of hematopoietic 
stem c e l l s ,  e f f e c t s  on vascular  func t ion  and enhancement of 
cy to toxic  drug-mediated an t i - tumor  responses.  In t e r l euk in -1  
( I L - l ) ,  a mul t i func t iona l  BFM. may o f f e r  the  p o t e n t i a l  t o  
e x p l o i t  these  a t t r i b u t e s  towards the rapeu t i c  design. W e  have 
demonstrated t h a t  IL-1 has acute  an t i - tumor  a c t i v i t y  i n  v ivo ,  
cha rac t e r i zed  by hemorrhagic nec ros i s ,  microvascular i n ju ry ,  
enhanced clonogenic tumor c e l l  k i l l  and a decrease i n  tumor 
blood flow. IL-1 ' s  acu te  an t i - tumor  a c t i v i t i e s  can be 
s i g n i f i c a n t l y  suppressed by g lucocor t ico ids ,  are not  the  r e s u l t  
o f  a d i r e c t  tumor e f f e c t ,  appear t o  be T c e l l  independent, and 
a r e  no t  mediated through TNF. While s i g n i f i c a n t  tumor c e l l  
k i l l  i s  observed i n  v ivo ,  IL-1  hemorrhage does not  r e s u l t  i n  
sus t a ined  i n h i b i t i o n  of tumor c e l l  growth. However, when IL-1 
i s  combined wi th  b ioreduct ive  agents  such a s  mitomycin C and 
porfiromycin,  enhanced anti-tumor a c t i v i t y  is  observed i n  v ivo  
when compared t o  t h a t  observed with e i t h e r  agent a lone .  We 
focus our d i scuss ion  here  on IL-1 ' s  a b i l i t y  t o  enhance the  
e f f i cacy  of t he  platinum agents ,  c i s p l a t i n  (cDDP) and 
ca rbop la t in  (CBDCA) i n  the  RIF-1 tumor system i n  C3H/HeJ mice. 
I n  v i t r o ,  I L - 1  had no e f f e c t  on e i t h e r  cDDP or CBDCA mediated 

tumor c e l l  k i l l .  To determine IL-1 ' s  i n  vivo e f f e c t ,  exc is ion  
clonogenic tumor c e l l  assays were performed us ing  tumor-bearing 
animals t h a t  were t r e a t e d  and tumor removed 24 h r  l a t e r .  A 
s i g n i f i c a n t  increase  i n  dose-dependent clonogenic tumor c e l l  
k i l l  w a s  observed with IL-l/cDDP as wel l  a s  IL-l/CBDCA when 
compared t o  drug a lone  and a t  the  lowest doses t e s t ed  Using 
median-dose e f f e c t  ana lys i s ,  the  in t e rac t ion  between IL-1 and 
cDDP w a s  found t o  be s t rongly  syne rg i s t i c .  To examine whether 
the  mechanism of t h i s  enhancement could be explained by I L - 1 ' s  
profound e f f e c t  on the  vascula ture .  platinum l e v e l s  were 
determined i n  tumor, plasma and normal t i s s u e .  When drugs were 
given concurren t ly ,  I L - 1  had no e f f e c t  on platinum l eve l s  i n  
both normal and tumor t i s s u e  from animals t r e a t e d  wi th  cDDP 
whereas a s i g n i f i c a n t  increase  w a s  observed i n  tumor platinum 
l e v e l s  from animals t r e a t e d  with IL-l/CBDCA when compared t o  
CBDCA a lone .  These d i f fe rences  i n  cDDP versus  CBDCA may be due 
t o  d i f fe rences  i n  the  pharmacokinetic behavior of the two 
drugs.  I n  add i t ion ,  tumor c e l l  k i l l  appeared time-dependent 
with m a x i m u m  a c t i v i t y  observed when IL-1 was administered 4-6 
h r  before CBDCA. Studies  are i n  progress t o  examine the 
p o t e n t i a l  mechanisms of these  e f f e c t s  and form the b a s i s  f o r  
fu r the r  i nves t iga t ion  on the  use of IL-1 i n  combination with 
cy to toxic  drugs f o r  the therapy of s o l i d  malignancies.  
Supported by N I H  g ran t  CA48077. 



Restcriig or ai igrrei i ing immdnity by the adoptive transfer of in vilro cultured antigen- 
s w c  ',c T eel's &as proven :herapebticaily effective for viral infections and tumors in 
arxmai Tocels G,, labciatoy has app1,ea insighis lrom studies in these animal models 
tc  the treatment c' human viral disease in imrrunocompromised hosts This clinical 
seejng was seiec'ed since t l e  disease occurs as a consequence of an inadequale T 
cell resoonse. the antigenic target for tne T cell response can be identified. T cell 
clones s c e c ~ f  c 10' tne antigen can be generated. and the persistence and eflicacy of 
traisferred T ce i clones can be monitored Thus. principles defined in this 
experinentai con.ert should promote the development of analogous approaches for 
! ~ e  t reatnei i  of nal ignaitdiseases Our tial studies have focused on reconstitution 
of  CMV-spec'fic hast CD8+ cytctoxic T c responses in CMV seropositive patients 
TmLios,po,ess.ad by the preparative regime? given prio. l o  bone marrow 

!;ansp,anta:ion B M i )  from an HLA-matched sibling The essential role of CDB' Tc lor 
protect on f*om C,MV disease is supported by murtne studies and correlative human 
stiioies Five oatieits have been entered on our initial adoptive T cell therapy protocot 
CD8' CMV-spec,f,c T cell clones were derived from HLA-matched seropositive sibling 
bore Tarrow domrs and in'usea In escalating cell doses over 4 COI'Isecutive weeks 
Iqfus o n  o' 2 2  2 x 1 O9 CD8' CMV-specific T cell clones was non toxic an0 performed 
safeiv 1 0  a r  os.t-pa!ienl set;ing Transfer of !mmunity was detectable following infusion 

e lowes' cell dose (3 3 x 10' T ceils/m21 and responses gveaier than those 
healt-', aono's w'th protective 1mmun:ty were detectable following transfer 

Transferred CD8' Tc bmmunity was detectaoie tor  >6 weeks, arid 
ce of transferred clones 6 bemg analyzed by PCR using ampiimers 
R of the transferred clones None of the patients who received 
my developed subsequent eviaence of CMV dtsaase 

Odr Gboratoy I S  now evaiuatiqg fretboas to improve the efficacy and salety of 
adoptive T cell V-ansfer by the intioduct,on of genes into T cell clones To improve 
safetg a retrovsrn vector coniainirg an inducible suicide gene has b e e n  constructed 
by Steve Lcp'on and Bob Overell [Targeted Genetics Corporation) The herpes virus 
!nymc,ve k,vase T K )  gene nas been lused in frame with Ihe hph gene resuliing ir a 

gene encoding a single bifunctional protein conferring hygromycin resistance and 
sensitivity to gancyciovlr Preclinica~ siudies have demonslrated that T cell clones 
expressing this gene can be readily killed m nlro and in VIM by gancyclovir. A clinical 
trial including adoptsve T cell therapy is now underway in HIV SeroDositive patients 
undergoing allogeneic BMT for the treatment of HIV-related lymphomas These 
patients are receiving hign-dose chernoradiotherapy pretranspiant to eliminate the 
lymphoma cells and ablate their iympnohematopolet!c system, which reDreSentS tne 
major reservoir of HIV-infected cells and are receiving AZT drug therapy and 
adoptively-transferred TK-modified CD8- T cell clones post-transplant In an effort tc 
prevent or minimize infection of  donor bone marvow derived cells If patlenis develoo 
toxlcity at sites of infection poteitialiy related lo  transfer of the T cell clones, such as 
encephalitis or pulmonary alveoiitis, gancyclovlr will be administered The persislence 
andior elimiMtion c f  the iranslerrm T cells will be monltorea bf PCR 

The therapeutic efficacy of  transferred CD8- T cell clones in mdrine mooels is limited 
by the $nabiirty of the clones lo  proliferate and suwive long-term in wvo In the absence 
of either exogenous IL-2 or a comxrrent CD4' helper T cell response Therefore we 
are attempting to modify CD8* T cells to renae' them independent of exogenous 
growth factors ana capable of proliferating in response to TCR ligation Several types 
of gene constructs are be i ig  evaluated The firs! is designed to provide the additional 
signals necessary to result in endogerous IL-2 prodgction following T cell activaiio-, 
Based on previous stuaies. CD8- i cell clones were transduced wilh a vector 
containing the gene 'or 118 IL-3 receptor Such T cells proliferate in resDonSe to 
bindmg of ligands lo boin the TCR and IL- lR,  but fail to proliferale in response to either 
signal alone A second tyw o! Construct involves the construction of a hyorla gene ' n  
which an inserted 11.2 gere 1s under cor,t'o! of a promoter normally activalea by TCR 
ligation Preliminary stLid8es are beirg performed with a vector containing the IFN-?. 
promoter driving an IL-2 cDNA Final y, a third t y w  o+ construct containing chimeric 
cytokine receptors ootent ally capable of  providing an autocrine loop and delivering 
the s w n d  normaliv prov,dee DY *ne birding 01 11-2 to '1s receptor '5 being evaluated 

NZ 030 L I P O S O M E - E N C A P S U L A T E D  MTP-PE A NOVEL BIOLOGIC FOR CANCERTHERAPY, E u g e n i e  S Kletnerman, T a k e s h i  Asano, Jacalyn 
B Gano. Dennis J o h n s t o n ,  Robert S B e n i a m i n ,  and Norman Jaffe. The U n i v e r s i t y  o f  Texas M D Anderson Cancer Center, Houston, 

Texas 77030 
MTP-PE is a s y n t h e t i c  l i p o p h i l i c  analog of muramyl d i p e p t i d e  the 
minimal compoient of m y c o b a c t e r i u m  capable of s t i m u l a t i n g  i m m u n e  
f u n c t i o n  L i p o s o m e - e n c a p s u l a t e d  MTP-PE (L-MTP-PE) was d e s i g n e d  
to target the immune modulator to monocytes and macrophages 
Human monocytes/macrophages p h a g o c y t i z e  L - M T P - P E  with 
s u b s e q u e n t  upregulation of I L - l a  IL-lg, I L - 6 .  and TNF genes and w i t h  
the p r o d u c t i o n  and s e c r e t i o n  of these cytokines L - M T P - P E - a c t i v a t e d  
macrophages ki l l  tumor but not normal cells m vitro F o l l o w i n g  the I v 
i n f u s i o n  of L-MTP-PE to cancer p a t i e n t s  In a Phase I study, uptake 
was d e m o n s t - a t e d  i n  liver spleen, lung, and i n  and around lung 
metastases E x t e n s i v e  precltnical data demonstrated that L - M T P - P E  
i s  only effective a g a i n s t  m i c r o s c o p i c  but not bulk d i s e a s e  We 
therefore sought to design a phase II c l i n i c a l  trial in which L-MTP-PE 
could be administered to patients w i t h  m i n i m a l  r e s i d u a l  d i s e a s e  In an 
area where drug uptake could be achieved 

Relapsed osteosarcoma in the lung presented such a disease s e t t i n g  
These patients have a short d i s e a s e - f r e e  interval (DFI) f o l l o w i n g  the 
surgical excision of all v i s i b l e  and palpable lung metastases E i g h t y  
percent of p a t i e n t s  will relapse w i t h i n  one year Post-operative 
chemotherapy has done little to alter the d i s e a s e  course We 
investigated if L-MTP-PE therapy could improve the DFI i n  t h i s  h i g h  
risk group of patients 

All p a t i e n t s  that entered this study had h i s t o l o g i c a l l y  proven 
osteosarcoma and pdlmonary metastases that developed d u r i n g  
a d j u v a n t  chemotberapy or that were present at d i a g n o s i s  and d i d  not 
respond to chemotherapy P a t i e n t s  r e c e i v e d  e i t h e r  a 12 or 24 week 
course of L-MTP-PE after the s u r g i c a l  removal of all metastases 
Induction of c i r c u l a t i n g  TNF, IL-6, neopterin and C - r e a c t i v e  p r o t e i n  
was demonstrated f o l l o w i n g  L - M T P - P E  infusion Disease-free intervals 
were calculated f r o m  the day of surgery to the day of relapse in each 
group and co.npared to the d i s e a s e - f r e e  interval of a h i s t o r i c a l  control 
group There was a s i g n i f i c a n t  prolongation i n  t i m e  to relapse i n  those 
p a t i e n t s  r e c e i v i n g  24 weeks (p< 0 03) but not 12 weeks of L-MTP-PE 
The m e d i a n  time to relapse for the 24 week treatment group was 9 0 
months compared to 4 5 months for the control group H i s t o l o g i c  
changes in the pulmonary tumors were demonstrated in 6 patients in 
the 12 week treatment group Peripheral fibrosis wrth inflammatory 
macrophage inf i l t ra t ion into the lesions were the key changes 
observed These data i n d i c a t e  that L - M T P - P E  is an active agent in 
osteosarcoma w h i c h  deserves further i n v e s t i g a t i o n  In a more 
appropriate a d j u v a n t  s e t t i n g  The data also suggest that w h i l e  24 
weeks of L MTP-PE was superior to 12 weeks, a more prolonged 
a d m i n i s t r a t i o n  of the drug (I e 1 year) may prove to be even more 
ef fect ive 
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ENDOTHELIAL CELL SURFACE ADHESION MOLECULES IN TUMOR METASTASIS, 
Michael P Bevllacqua, M D ,  Ph D , Howard Hughes Medical Institute, University of California, San Diego 

Vascular endothelium can express several cell 
surface molecules that support the adhesion and 
extravasation of blood leukocytes. These molecules 
play critical roles in the development of 
inflammatory and immunological processes. 
Unfortunately, blood-borne tumor cells may also be 
able to utilize these adhesion molecules. My 
colleagues and I have demonstrated that human 
melanoma and osteosarcoma cells can bind to 
activated vascular endothelium through an 
interaction of tumor cell surface a@l integrins and 

endothelial cell surface VCAM-1 /INCAM-110. In 
addition, colon cancers can bind endothelial E- 
selectin, an interaction that appears to depend on 
tumor cell expression of specific carbohydrates, 
some of which are related to the tetrasaccharide 
sialyl-Lewis x (sLex). In vivo models demonstrate 
that infusion of cytokines can dramatically increase 
the development of metastatic tumor nodules. 
Reagents which block the specific cell adhesion 
mechanisms diminish these experimental events. 

Modulataon of m u m e  xacrimry to tumor and tranrplantat~on antigcns by cyokme gene therapy Michael T. Lonc. Hidcall Tahara. Batbara Pipptn. Ouan Car. Elaine Elder. William Jacob.. Yawn Chcn‘. Jill 
Stcgfncd. Paul Srrumpf. Sally a n y .  Paul Rohbinr and Wallcr STorku F m m  the Dcpanmcntr of Surgery. Molcevlar Gcneurs and Biahcmsury. and Pharmsmlogy. U n i v e ~ i t y  of Pxlrhurgh Piurhbrgh. P.4 15261 

and ‘Gencuc Thcrapy Incorporakd Gailherrhurg. MD 20878 

We. likc othcrs. have dcvclopcd rcfroylral vectors to introduce c p k m c  genes I0 Cllcbl a I ~ d ,  and nominally 
P r y r c m c  immune response 10 tumor by incorporating them info MCCIOSS ( IL2.  ILJ and IL-12) We have 
aIz0 crated r e t m r a l  YCC~OS to inimducc immunaruppxrsive rytolmer ( I L I b .  TGF-8. vlL-lo) into 
C C I I Y ~ ~  transplants Such as isle! CCIIS so that lad tmmunosuppresslon may be attained wlhout Ihc deb+ 
(tating cffcrts of syrcmic Immunosuppression 

L a a l  production of IL-2 delivcrtd by mnsfccled 816 mclanoma ccI1s leads to reduction of IumOrSm a1 21d 
fmm 2200 +/- 106 10 34 +/-lOmm’ Similar reduction 10 226 +\. 94mm’can be altaincd by dclivenngPEG- 
IL-2 at the SIIC of lumor This approach can lotally eliminaIC the local g m w h  of tumor by prowding 3 x I d  
IC of PEG IL-2 w t h  a 10‘ tumor cell ~nwulum. Delivery of IL-2 hp lransfcclion PSIIS dccreilys pulmonary 
mctasta~cs fmm a mcan of 200 10 < 10 on day 23 f o l ~ w n g  ~ n p i m n  of I@ tumor cells h a 1  pmdurtion of 
Either IL-4 01 IL-12 by r e f m r a l  Y C C ~ O K  that “c have created leads to dclaycd tumor g m w h  tn mvnnc 
models Wc can mvlincly inlmdurc Ihc ILJ gcnc using these veclom info cullurcd human fihroblartr as wcll 
as rullurcd human fumon (melanoma. lung carcinoma) and rhoan production of as much as 10‘- 
Idums/lO%clls/24hrr. even afrcr irradiation wih XOI rads Wc have reccntly recaved a p p m l  from IhC 
Rccombinanl D\iA Advlwry Committee to ddivcr ILJ using irradiated lransfcrtcd avtologovs ~ ~ l l u r e d  
Bbmhlarir mixed w l h  n o n ~ u l l ~ r ~ d  aurologour tumor 0;) pan of a wccmc. Wc plan 10 biopsy these site5 of 
~accinmon 10 I )  demonstratc ~onfinuou~ pmduction of Ihc rytokmc. 2) CMIY~IC cndothelial acfwmon 
mcdialcd b) lL-4. 3) determine presence of T ccll infiltrate and specific T C R  ursgc and 4) demanstratc 
rpec$flr T cell rcsponsc to tumor 

InlcrlcuLln-12 (iL.12). a potcnllal candidate for cmccr therapy. IS a dsulfide-linked hetcrodimcnc cylokme 
composcd of  lighf (p35) and hcaw (NO) chains and requires thc expression of bolh Subunits to obiam 
hiolugcal acliwty Wc (hastala C) and oihcn (M Brunda/M Gatcly) have rh- lhai IL-12 splsmic 

delivery leads to markedly dclaycd gmwh of M ~ O Y S  munne Iumon and tncreav m IYMV~I Similar fmdings 
have bccn o b s e ~ d  w t h  delivery of IL-12 by transferled fibroblasir m W O  10 lest tumoi crtablirhmcnr of 
BLf. a pmrly immunogenic munne melanoma cell 11116. Thw tumors wcrc significantly dclaycd f n m  -ng 
kn c v n m c n t r  s i n g  1 x lo6 tumor i n m l u m  wlh 5 I Id fibroblaslr (NIH313 ccllr) whah cxprcsvd I50 U/24 
hr/5 x I d  elli of IL-12. We have mnitmncd m l m r a l  vectors that can express eilher of thc N o  Cham of 
IL-12 (MFG-pS and MFG-plO) or both genes Wth an mcrnal nbosamc entry $tic wqvcncc of the 
cnccphalomyocsrdilis WTYS (DFG-MIL-12) We have recently demonstrated high level of erprersmn of IL-12 
m XIir313 cells lranrfccted wlh the DFG-IL-12 pnrnrur (3100 UJ24hr/10° rellr) 

Viral IL-10 and I L - l R m  relmral W ~ O K  (MFG-vIL-10. and M F G - I L I R a )  haw kccn consiru~~cd to dclivcr 
lhcsc gcnc pmdurlr at the $if= of an allogcncic or xcnogcneir pancmtic s lef  transplant lrlcr ~c I I I  ihcmsclvcs 
have no capacity to prolifcratc. H-r. n have rur-fully infected the olhcr mmponcnrr o f  human >$let 
ccll p~parattonr gnmm ~n ~ul lure w i h  our remmral vectors. and have gollcn good cxpxssmn of IL-iRa 
(I4ng/ml/!rlct) using these supernatants. Using this qslsm. (vc are c ~ m n l l y  c ~ l u a m g  thc p s h , l # f y  of 
allcnng IhC reicclmn of human tsbls transpianad under IhC renal capvie  m a chcm~call! mawed diPbCtoC 
mouw m d e l  Dime1 rytokinc incubation of t h w  ryloknnes 10 tslel cell cullure dad not d e c r e a ~  sic! funcuon 
(pmducuon of m s ~ l i n  induced by g l u m ) .  Human lnals ( ~ 1 1 1  mqulrc the cndcnrr of such decreased r e ~ c ~ t m n  
and lack of effects on normal 151et production of 11)1ubn v1 vno. Usc of f h w  conmuc1s lo m n r f e n  munne 
l u m m  fMCA-105 samma) appears 10 p”ibly delay the tmc to mlcmon m an allogenctc host 

IDENTlFlCATlOR O F  HUMAN MELANOMA DERIVED EPITOPES RECOGNIZED BY HLA-A2 RESTRICTED, 
CD8+ TUMOR INFILTRATING LYMPHOCYTES, Walter J .  Srorkrrs. Mark J .  Maerrrrr. Herberr J .  Zeh 111, and Micliael 7: 

Lol;e. From !Ire Departmenls of Srugerv arid Molrcdar Generics o r i d  Bioclrernisny. Pirrsbtrrgk School of Medicine. Pinsburgh. PA 15261. 

Using  a no\el pH 3.3  acid elution technique, peptides were 
e\tracted b) denaturation of class I molecules on the surtacc of normal 
human melanoc!tcs, primary melanomas. and nleustatic melanomas. This 
material \\as subsequently fractionated on re\ crse-phase high performance 
liquid chromatography (HPLC), and indii idual HPLC iractions Iyophilized 
and reconstituted i n  Hanks’ buffered saline. Aliquots 01 these fractions 
I\ere [hen pulsed On[o SiChromium-labelcd HLA.A~+ B cell lines I n  the 

A2+ squamous cell carcinoma, gastnc carcinoma, breast carcinoma. colon 
carcinoma, or B Iymphoblastoid cell hnes. Further, HLA-A?- melanoma 
did not express the Pi-P6 specles, unless the) were first truncfected ~ ~ t h  
the HLA-A?. 1 tranS gene. Such HLA-A? transfected melanoma cell lines 
were determined to express the P i ,  P2, and P4 epitopes. BascJ on the 
pattern of seven distinct HLA-A2 restncted TIL lines with peptides deri\.ed 
from 5 distinct HLA-A2+ m e h o m a  cell IinCS, It was determined that PI,  

presence of exogenous human P~-microglobulin for 1 h at room 
iemperature. The resulting peptide-charged target cells were assessed for 
sensiti! ity to Iysis b) a series of oligmlonal CD8+ TIL displaying HLA-A2 
restnction. Using this approach, a senes of six melanoma-associated T cell 
epitopes have been identified (termed Pi-Ph) that are capable ofconfemng 
scnsitinr\ to TIL-mediated I l s i s  upon HLA-A?+ B cell targets. These 
epitopes could be extracted from both  primar! and metastatlc HLA-A?+ 
melanoma, but not from HLA-A2+ cultured melanocytes or peripheral 
blood lymphoc! tes. The expression of these epitopes appeared restricted to 
melanoma targets since no such determinants could be euracted from HLA- 

p2, and P4 represent “shared” melanoma-associated epitopes since the! are 
expressed by 5 5  HLA-A?+ melanoma and are recognized b) 7,7  of the 
TIL. P3, P4. and P6 were variable in  both expression by melanoma cell 
lines and recognition by TIL. The P1, FC, and P4 determinanis may 
represent immunodominant melanoma epitopes presented in  the conteu of 
HLA-A2 and appear to represent promwng candidates for meianoma 
vaccine design. Peptides present wirh~n the HPLC fractions containing PI, 
p2, and P4 exhibit Mr from 670-1400 consistent nith the nonamenc 
structures typically associated with class I molecules. Indl\ idual peptldes 
are currently being sequenced/synthesmd in  order to deduce the PI, p2. 
and P4 structures. 
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MOLECULAR CONTROL OF MACROPHAGE ACTIVATION FI 
Madison. WI. 

Macrophages frequently are observed as a major component of the 
cellular infiltrate of experimental tumors. Although these cells have 
been proposed to play a major role in host defense against neoplasia, 
the factors determining the successful stimulation of antitumor 
effector macrophages (MP) remain poorly understood. We previously 
have identified a series of cellular antigens and genes induced by 
interferon-gamma (IFN-y) in MP during the process of activation of 
cytolytic activity in these cells. Using these reagents, we 
characterized antigen and gene expression in MP present in developing 
tumors of the 816-F10 murine melanoma and in peritoneal MP 
isolated from B16 tumor-bearing mice. These studles revealed that 
in most cases neither the tumor-associated nor the peritoneal MP 
expressed the activation-associated antigens of interest during tumor 
development. In an effort to understand the molecular mechanisms 
involved in MP activation which control the development of cytolytic 
MP, we have investigated the regulation of one gene, mag-1, in 
response to IFN-y. Genomic fragments of the mag-1 promoter region 
were inserted into vectors containing the luciferase (LUC) reporter 
gene. When transiently transtected into cells of the RAW 264.7 cell 
line, which acquire cytolytic activity in response to IFN-.I 
stirnulation, a 928 bp fragment was found to be sufficient for IFN-y- 

3 R  TUMOR CELL KILLING. Donna M Pauln&, University of Wisconsin 

mediated induction of LUC activity. Additional analysis of 5' deletion 
mutants identified sequences within 100 bp of  the malor 
transcription initiation site which conferred strong interferon 
responsiveness. A perfect match to the previously-described 
Interferon Stimulated Response Element (ISRE) was present within 
this region and was shown to be essential for both basal and 
interferon-induced expression. Additionally. a loss of sequences 
directly upstream of the ISRE resulted in a substantial reduction of 
transcriptional activity. but only within the context of the native 
mag-1 promoter. In contrast to the results observed in RAW 264.7 
cells, transient transfection assays carried out using the non- 
cytolytic WEHI-3 MP cell line revealed that all promoter constructs 
were transcriptionally inactive within these cells. This lack of 
promoter region activity corroborates our previous observation of 
the absence of mag-1 gene expression in these cells and suggests that 
WEHI-3 cells are unable to utilize an ISRE for gene induction after 
I FN-y stimulation. The phenotypic and functional similarities 
between the WEHI-3 cell line and those MP predominating in mice 
bearing the B16 tumor suggest that MP recruited during tumor 
development may exhibit regulatory controls that limit their effective 
activation as tumoricidal cells. 

RECOGNITION OF HLA-B27 ANTIGENS BY ALLOREACTIVE T CELLS, JosC A. Lbpez de Castro, Fernando 
Garcia, Daniel Lbpez, Susana Rojo, and JosC A. Villadangos. Centro de Biologia Molecular, Consejo Superior de 

Investigaciones Cientificas, Madrid. 
HLA-B27 has been the suhject of intense study due to its association with 
anhylosing spondylitis Our stud;,, have focused on the molecular basis of 
HL4-B27 allorecognition. Alloreactive T cells can readily distinguish among 
naturally occurring HLA-B27 suhtypes, although the degree o f  crossreactivity 
dependc on the responder individual. HLA-B27 subtypes differ among each 
other by one or f e u  amino acid changes. which are almost always located at 
one side of the peptide hinding site. They share a same structure in the B 
pocket. uhich hinds a conserved Arg residue at the second position of H L A -  
B17-bound peptidm HLA-B27 mutants with altered structure in the B pocket 
can s t i l i  he recognized by a significant number of alloreactive T cell clones. 
indicatinf that structural integrity of the B pocket is not necessarily crit iml for 
B2kpeci t ic  allorecognition. Thus, HLA-B27 polymorphism in and outside 

pocket B modulates T cell allorecogition. but recognition by many T cell 
clones was not abrogated by most of the changes examined. Metabolic labeling 
and radiochemical pool sequencing were used to compare the repertoires of 
peptides hound to HLA-B27 subtypes and to analyze the influence of 
mutations in pocket B on the Arg2 motif of bound peptides. The results 
suggest that many peptides hind to multiple HLA-B27 subtypes, but significant 
subsets of peptides bound to a given subtype do not bind to other subtypes, or 
do so with greatly altered efficiency. Several, hut not all of the mutations in 
pocket B were compatible with binding of peptides bearing the Arg2 motif. 
The results show the importance of polymorphism in and outside pocket B in 
modulating peptide binding to HLA-B27 and illustrate the role of peptide 
repertoires in HLA-B27 allorecognition. 
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,Aiirtgnr P~.o(~~sriri,q ciiid Pwcmrmoti  tit id Eff'ctoi- Cc.11 Acriwrioii 
NZ 100 ACCUMULATION OF ADOPTIVELY TRANSFERRED 

KILLER CELLS IN METASTASES. P.H. Bassel, Ulf Nannrnark2, 
Bengi Johansson2. M Hokland3, R . B .  HerbermanI. K. Wassermanl & R.H. Goldfarbl. 
IPitlsburgh Cancer Institute. Pittsburgh. PA, USA, 2Anatorniske Instit. University of 
Gownburg. Sweden. and h i  of Medical Microbiol., University of Aarhus. Denmark. 

The efficacy of adoptive immunotherapy might depend on the number of 
effector cells reaching the malignant tissues. We have therefore analyzed the 
migatory pattern of fluorescently labeled IL-2 activated killer cells in mice 
bearing 10-12 day B16 lung and liver metastases: A significant fraction of 
adoptively transferred, IL-2 activated NK (A-NK) cells accumulated (in a 
time and dose-dependent manner) in lung metastases of the B16 melanoma, 
the MCA 102 sarcoma and the Lewis lung carcinoma lines. Thus, 16 hours 
after injection, five to ten fold higher numbers of A-NK cells were feund in 
the melanoma lesions compared to the surrounding normal tissue. EM 
analysis revealed that the A-NK cells were in intimate contact with both 
tumor cells and tumor endothelial cells. Up to 10% of the lung metastases 
seemed totally resistant to infiltration even though neighboring metastases 
were effectively infiltrated. When no IL-2 was injected along with the A- 
NK cells, significantly (p<O.OI) fewer cells accumulated in the tumors at 16 
h compared to when high doses of IL-2 (50,000 Cetus units) were given 
i.p. every 4 hours (203L20 vs. 540k46 per sqmm tumor tissue). The 
highest infiltration (70131  A-NK cells per sq.mm) was seen when 50,000 
units of IL-2 was given i.p. every 2 h. A-NK cells were more effective in 
infiltrating the lesions than unpurified 3 day LAK cells. In addition, non- 
activated splenocytes, as well as various tumor cell lines did not have the 
ability to accumulate in the malignant lesions. Finally, while substantial 
infiltration of lung metastases was seen after i.v. injection, significant 
infiltration of liver metastases was seen only after intraportal injection. 
Thus, it seems that specific accumulation is seen mainly in tumors formed 
within the first capillary bed the A-NK cells come in contact with. 

We conclude that A-NK cells, in contrast to e.g. non-activated 
splenocytes, can accumulate specifically in malignant tissues. This might be 
caused by differences among these cell types with respect to expression of 
surface adhesion molecules and/or proteases involved in the migration 
process. Due to their ability to accumulate in tumors upon proper routes of 
administration, A-NK cells might, in addition to their direct or indirect 
effector functions, serve as ideal vehicles for targeting cytotoxic drugs or 
gene-products as e.g. IL-2 or TNF, to malignant foci. 

NZ 102 ABNORMALITIES IN HLA EXPRESSION O N  
c o L o R E c r A L T u M o u R  CELL LINES: 

IMPLICATIONS FOR ANTIGEN PRESENTATION, 
Michael Browning, Peter Krausa, Andrew Rowan & 
Walter Bodmer,  ICRF, Institute of Molecular Medicine, 
John Radcliffe Hospital, Oxford, UK. 

The recognition of cellular antigens by CTL involves 
the processing and presentation of antigen in 
association with M H C  class I gene products. Failure to 
express the relevant class I restricting molecule 
results in failure of recognition of the cell. W e  have 
developed a PCR-based method for  defining HLA-A 
locus alleles from genomic DNA, and have used this 
method to  compare the HLA genotype with surface 
expression of HLA class I i n  a panel of 30 colorectal 
tumour cel l  lines. Abnormalit ies of HLA expression 
were detected in 8 cell  lines, and resulted from at  least  
4 independent mechanisms. Three cel l  l ines showed 
complete lack of class I expression associated with 
failure to express p2 microglobulin. T w o  cell  l ines 
showed loss of one HLA-A locus gene, whilst 2 other 
cell lines showed selective loss of expression of one 
HLA-A locus allele. One cell  line failed to  express 
surface HLA class I, in spite of the expression of 
normal levels of p2 microglobulin. I t  is not possible to 
determine whether these abnormalit ies i n  H L A  
expression reflect immunoselection of tumour cel ls  
with mutations in HLA expression. However,  the 
failure of these cell l ines to  express particular H L A  
molecules could result  in the failure of recognition of 
tumour-antigen bearing cells by M H C  restricted CTL. 

NZ 101 REGULATION OF CD4' MEMORY EFFECTOR T CELL 
SUBSET DEVELOPMENT FOLLOWING REEXPOSURE TO 

ANTIGEN. Linda M. Bradley and Susan L. Swain. Department of 
Biology and Cancer Center, University of California, San Diego, La Jolla. 
CA 92093 
We have studied the development and function of memory helper T cells 
(Th) following reexposure to antigen both in vivo and in  vitro Resting 
CD4+ memory T cells from the spleens of mice primed >6 weeks earlier 
with KLH in adjuvant produce high titers of IL-2 and IL-3. but only low 
levels of IL-4 and IFN-y, and no detectable IL-5 in response to specific 
restimulation in vitro. In contrast, when previously primed mice are 
boosted by injection of soluble KLH, splenic CD4+ T cells secrete greatly 
increased levels of IL-4, and variably increased levels of IL-2, IFN-y 
and/or IL-3. While resting memory Th provide helper activity primarily 
for IgM production by primed B cells in viuo, memory effector Th are ex- 
cellent helpers for all IgG isotypes, as well as IgM antibody. Memory ef- 
fector Th activity is mansient, attaining maximum levels 3 days after in 
vivo boosting, and declining rapidly thereafter. Memory effector Th are 
induced in the spleens of KLH-primed mice that have been depleted of 
precursor T cells by thymectomy >25 weeks previously, suggesting that 
they are derived from the resting memory T cell population. Memory ef- 
fector Th can also be generated in viuo from resting memory Th by cultur- 
ing CD4' T cells from KLH-primed, thymectomized mice in the presence 
of KLH-pulsed antigen-presenting cells and exogenous cytokines. Th 1 - 
like effectors with the capacity to secrete high levels of IL-2 and EN-y, 
and low levels of IL-4 develop by 3-4 days after reactivation of primed 
CD4+ T cells in the presence of rIL-2, in combination with rIFN-y and 
anti-IL-4 antibody to block endogenous IL-4 secretion. In contrast, Th2- 
like 0 4 '  T cells with the capacity to secrete high levels of IL-4. and low 
levels of IL-2 and IFN-y are generated with similar kinetics, when primed 
CD4+ T cells are restimulated in the presence of rIL-2, togeth- er with rIL-4 
and anti-IFN-y antibody to block endogenous IFN-y secretion. The results 
demOnSFdte that memory effector Th differentiate from resting memory Th 
in response to reexposure to antigen, and suggest that IL-4 and IFN-y dif- 
ferentially regulate the development of memory effector Th subsets which 
secrete distinct arrays of cytokines. 

NZ 103 RT-PCR CLONING OF A RAT 87 cDNA HOMOLOGUE, 
Elaine Brunschwig and Mark L.  Tykocinski. Institute of 

Pathology, Case Western Reserve University, Cleveland, Ohio 
4 4 1  06 

8 7  is a n  interferon-gamma-responsive cell surface costimulator 
on 8-cells and monocytes  that  binds CD28 and CTLA-4. 
Human and murine 87 cDNAs have previously been cloned. 
We n o w  report t he  reverse transcriptase-polymerase chain 
reaction (RT-PCR) cloning of a rat 87 cDNA homologue. Rat 
splenocyte RNA served a s  a source of RNA, and degenerative 
PCR primers corresponding to  subsequences most conserved 
between human and mouse  87 were used for amplifying the  
rat s equence .  Primary sequence  analyses  of the  PCR ampllfied 
rat product will be described. Availability of rat 8 7  sequence 
will n o w  enable gene  transfer studies to s tudy t h e  effects of 
87 surface expression on  tumor immunogeniclty In well- 
developed syngeneic rat tumor cell systems.  
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NZ 104 ROLE OF ADHESION MOLECULES IN THE 
STIMULATION OF IL-2-ACTNATED LYMPHOCYTES. 

Anita S.-F. Chong, Xing-Li Jiang, Marlene Lamas and Lloyd H. Graf, 
Jr. Department of General Surgery and Immunology/Microbiology, 
Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL 60612 and 
Center for Molecular Biology of Oral Diseases, University of Illinois, 
Chicago, IL 60612. 

PBLs cultured in vitro with IL-2 acquire the capacity to mediate the 
regression of tumors in experimental animal models and in humans. 
The ability of IL-2 activated T (LAT) lymphocytes to mediate tumor 
regression in vivo correlates best with their ability to be stimulated by 
rumor cells to produce cytokines such as TNFuand IFN-y. 

Our previous studies indicate that cytokine (IFN-y. TNF-aand 
TNF-p) production by LAK-T cells require cross-linking of the TCR- 
CD3 complex. Using immobilized monoclonal antibodies (mAbs), we 
demonstrated that crosslinking of LFA- I ,  CD2, CD45 and CD44 
molecules enhance cytokine production by LAK-T cells. We have 
extended these studies and here report that mAbs directed at CD28 and 
CD7 but not CD31 also enhance cytokine production. In addition, co- 
immobilized ligands such as fibronectin, laminim, collagen but not 
hyaluronic acid also enhance cytokine production, presumably by 
binding and stimulating via VLA-4,5 or 6 on LAT cells. Another 
approach we have adopted to further defme the contributions ofcell 
adhesion molecules involved interspecific gene transfer of genes for 
huICAM- 1 and LFA-3 into a null mouse melanoma background. Cells 
expressing huICAM- 1 and huLFA-3, but not untransfected parental nor 
cells transfected with a melanoma-associated antigen, enhanced cytokine 
production by LAK-T cells. These studies indicate that while none of 
the adhesion molecules can directly stimulate cytokine production in 
LAK-T cells, a number of these molecules can function as co- 
stimulators to enhance cytokine production triggered via the TCR-CD3 
complex. 

Little is known about the nature of molecules that regulate cytotoxic 
activity or cytokine production in IL-2-activated LAK-T cells. LANK 
cells were generated as described for A-L4K cells, then stimulated via 
adhesion molecules alone or in combination with CD16. Using the 
same approaches we determined that with the exception of CD45, none 
adhesion molecules could directly stimulate or co-stimulate cyiokine 
production in LAK-NK cells. 

NZ 106 TUMOR NECROSIS FACTOR SELECTIVELY 
ENHANCES TUMOR LOCALIZATION O F  

ADOPTIVELY TRANSFERRED CULTURED SPLENOCYTES IN A 
MURINE MELANOMA MODEL. Phillip A. Dean, Patrick S. Ramsey, 
and Heidi Nelson, Mayo Clinic, Rochester, MN 55905. 
Successful application of adoptive immunotherapy depends on the 
selective distribution of cellular reagents to sites of tumors. Inducible cell 
adhesion molecules participate in the distribution of lymphocytes to sites 
of inflammation and likely participate in the distribution of adoptively 
transferred cells to sites of tumors. We have previously shown that TNFa 
and IL-la enhance the tumor vascular expression of MALA-2, the murine 
equivalent of intercellular adhesion molecule-1, in a murine melanoma 
model. The current study aimed to test whether the enhancement of 
MALA-2 using cytokines, translates into enhanced tumor localization of 
adoptively transferred splenocytes. METHODS: Splenocytes from 
C3HiHeN mice were cultured for 6 days in  media containing 100Uiml 
IL-2 and 0.5mgiml 500A2 (anti-CD3). On day 0, C3H/HeN mice 
(immune competent) were injected subcutaneously and intrapentoneally 
with the syngeneic murine melanoma cell line K-1735 (transfected with 
p97). On days 9 and 10, tumor bearing-mice (4-6 per group) were 
injected twice daily with saline (controls), TNFa (lxlOsuidose) or IL-la 
(500ngidose) and on day 11 were injected via a tail vein with indium”’- 
labeled splenocytes. At 12, 24, and 48 hours after splenocyte injection, 
tissues were harvested, weighed, and gamma counted to determine 
%injected doseig (%lD/g). RESULTS: Tumor localization of splenocytes 
was increased by TNFa at all timepoints (control 4.9921.16 vs TNF 
7.41k1.20, %ID/g at 24hr, p=0.03), but was not effected by IL-la 
(control 1.27k0.50 vs TNFa 1.33k0.37, %IDlg 24 hr). Localization of 
splenocytes to normal organs was not increased by TNFa or IL-la, but 
in fact, was decreased by TNFa. CONCLUSIONS: TNFa selectively 
enhanced localization of splenocytes to sites of tumors without enhancing 
localization to normal organs. Although IL-la also increases tumor 
vascular expression of MALA-2, it does not increase splenocyte 
localization to tumors, suggesting that other factors are involved in the 
regulation of splenocyte trafficking. Future studies will investigate 
whether TNFa can enhance the effectiveness of adoptive immunotherapy. 

NZ 105 LYMPHOCYTE TRAFFICKING TO THE CERVIX IN 
LOW AND HIGH GRADE SQUAMOUS INTRA- 

EPITHELIAL LESIONS, Nicholas Coleman*, Stephen B. 
Fox2,  Colin A. Michie3, Thomas J. Schal14 and Margaret A. 
Stanley’ ,  Departments of Pathology, ‘University of 
Cambridge and 2University of Oxford, U.K., 3 H u m a n  
Tumour  Immunology Group, University College,  London, 
U.K. and 4Genentech Inc., San Francisco, CA. 

High-grade squamous intra-epithelial lesions (HG-SILs) of 
the  cervix a re  associated with lymphocytic infil tration, 
whereas low-grade SILs are  not. W e  have examined the 
phenotype and  activation status of the infiltrating cells i n  
HG-SILs, and have investigated mechanisms of 
lymphocyte trafficking to  the si te of the neoplastic 
epithelium. Recruitment of activated lymphocytes in HG- 
SILs i s  associated with the induction in  the sub-epithelial 
s t roma of a number of vascular adhesion molecules l ikely 
to  be important i n  lymphocyte homing. Using the 
Stamper-Woodruff  in vitro adhesion assay, we  have 
demonstrated a functional role for  these adhesion 
molecules in lymphocyte entry into the cervix. 
Additionally, we  have obtained evidence for local 
expression of chemotact ic  cytokines potentially important 
in lymphocyte  recruitment to the cervix.  These data 
suggest that  a complex network of interactions exists in 
HG-SILs between lymphocytes,  keratinocytes and the 
cellular components  of t he  sub-epithelial  stroma. 

NZ 107 DIFFERENTIATION OF ANTITUMOR T CELLS BY 
MICROBIAL SUPERANTIGENS, Bernard A. Fox, 

Daniel D. Elsholz, Mark Cameron and Suyu Shu. Surgical Oncology 
Laboratory, Department of Surgery, University of Michigan, Ann 
Arbor, MI 48109. 
Recently this laboratory has demonstrated that T cells from Tumor 
draining lymph nodes (TDLN) are sensitized but not fully 
differentiated, as defined by their failure to mediate therapeutic 
activity. Maturation of these “pre-effector” cells can be initiated by in 
viuo sensitization with tumor cells, or in a two step in vitro activation 
process with anti-CD3 and IL-2. Microbial superantigens (SAg) 
from staphococcal origin, are a family of small proteins which bind 
antigen presenting cells and stimulate preferential activation of T cell 
subpopulations which express select Vp TCR genes. Different SAg 
bind and expand distinct Vp TCR repertoires which may otherwise 
represent only a small percentage of the total T cell population. In an 
attempt to dissect the T cell population(s) mediating specific 
antitumor activity, a panel of microbial SAg were used to stimulate 
pre-effector cells obtained from TDLN. TDLN isolated from animals 
bearing 12 day MCA-106 or MCA-205 tumors were activated by two 
days of culture with SAg and subsequent three day expansion in 10- 
12 U/ml IL-2. Six of the 8 SAg tested, stimulated greater than 4 fold 
expansion of T cells in the 5 day culture (mean of 4 to 6 
experiments). Subsequent experiments focused on three SAg (SEA, 
SECI, and SEE) which, by flowcytomeaic analyses, selectively 
expanded distinct Vg TCR subsets of the T cell repertoire of TDLN. 
The predominant Vg TCR usage (>lo% expression) of SAg-activated 
TDLN were: Vp 3 and 11 for SEA, Vp 8.2 and 8.3 for SECI. and Vp 
11 and 13 for SEE. SAg-activated TDLN were analyzed for in via0 
cytotoxicity and therapeutic efficacy. Similarly to CD3-activated 
TDLN. SAg-activated TDLN were not cytotoxic for fresh tumor cells 
in 4 hr SlCr-release assays. Adoptive transfer of SEC1-activated 
TDLN (1-1.2 x lo7 celldmouse) were the most effective. 
significantly reducing metastases compared to IL-2 alone @<0.05) in 
4/4 experiments (81% mean reduction in pulmonary metastases). 
SEA and SEE -activated TDLN demonstrated a weak effect which 
was inconsistent between experiments. These preliminary results 
suggest that some Vp T cells may preferentially respond vigorously to 
MCA-205 and that SAg may be useful reagents for dissecting the 
elements of the T cell response to tumors. 
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NZ 108 IhlhflTh7ZATION AGAINST TUMOR AX0 hlINOR HISTOCOMPATIBILITY 
LhTIGENS BY NATURALLY PROCESSED PEPTIDES. 
Lars Franlissonl. Max Petensor?, RolfKiessling2 and Klas Kame' 
]Department of Tumor Biology and ZDepanment of Immunology, 

Karolinska lnstitutet, Box 60 400, S-104 01 Stockholm, Sweden 

Material eluted from RMA lymphoma or B6 spleen cells at low pH 
was fractionated by reversed-phase HPLC. The fractions were tested 
for ability to restore the sensitivity to CTL of the processing I 
presentation defective mutant line RMA-S. This allowed 
identification of three fractions carrying B6 minor histocompatibility 
antigens (MiHa) recognized by A.BY anti B6 CTL, and one fraction 
carrying a tumor antigen recognized by B6 anti RMA CTL. By 
parallel runs of material from cell lysates over MHC class I a f h i t y  
columns, two MiHa were defined as Kb restricted, and one MiHa 
and the tumor antigen as Db restricted. These restriction patterns 
could be conferred utilizing the human peptide presentation defect 
celline T2 transfected with either Db or Kb as read out target celline. 
Isolated fractions loaded onto RMA-S cells could be used to prime 
anti hliHa and tumor CTL in vivo. They could also be used for in 
vitro restimulation of spleen cells from mice that had been primed 
either by antigen loaded RMA-S, or by wild type RMA and B6 cells. 
The CTL generated by these methods were specific for the loading 
antigen, but they recognized the antigen also on the "physiological" 
target, i e RMA or B6 lymphoblasts. This system based on RMA-S as 
an immunization and target antigen reporter cell may be used for 
dissection of complex CTL responses, e g in studies of clonal 
composition and epitope dominance, or for studies of tumors that are 
poor stimulators of immunity. The results also confirm that the 
previously reported escape of RMA-S from restricted C T L  against 
MiHa and tumor antigens is due to impaired peptide presentation, 
even if this defect is not absolute; a significant sensitivity of native 
RMA-S to CTL induced by peptide loaded RMA-S illustrates that 
isolated antigen can be used to manipulate the afferent arm of the 
response to "non-immunogenic'' tumors carrying subthreshold doses 
of antigens. 

NZ 110 SYNTHETIC PEPTIDES DERIVED FROM B 
C E L L  SPECIFIC  ANTIGENS (CD19 I CD20) 
GIVE RISE TO PEPTIDE SPECIFIC  CTL. 

Erik Hooijbergl, Marjan V k r e n 2 ,  Paul van den Berkl, Petra Romeynl, 
Anke Peba Jellemal, Annemarie Hekmanl, en Kees Meliefz. 
1 Netherlands Cancer Institute, Plesmanlaan 121,1066 CX Amsterdam 
2 University Hospital Leiden, POB 9600,2300 RC, Leiden. 

Malignant B cells express CD19 and CDU) antigens as do normal B cells. 
We have chosen these antigens as targets for immunotherapy of B cell 
malignancies. Since no CTL epitopes of these B cell specific antigens are  
known we made use of the binding motifs to murine MHC class 1 
molecules as found by Falk et al (1991). A computer search (J. D'Amaro, 
University Hospital, Leiden, The Netherlands) revealed the following 
numbers of peptides derived from murine and human CD19 and CD2O 
antigens predicted to bind to Kb or Db molecules 

binding to Kb 
d i c t e d  /actual medicted /actual 

binding to Db 

murine CD19 3 1s 6 l b  
human CD19 7 1s 5 Ib 
murine CDZO 1 1  9 2 + 1 '  
human CDZO 4 1  9 2 + 1 '  

a,b.c; same sequence in the human and the murine peptide. 
Synthetic peptides derived from CD19 or CDM predicted to bind to Kb or 
Db were used to test binding to MHC molecules on RMA-S cells Peptides 
capable of binding to Kb or Db at  the lowest concentration (1 pM/ml) 
applied in the RMA-S assay have been used to immunize mice and 
generate specific class I restricted CTL. We have isolated; 1) murine CTL 
specific for a peptide derived from human CDU); 2) murine CTL specific 
for an autologous peptide derived from murine CDU) and 3) murine CTL 
specific for a peptide from murinehuman CD19. These CTL are cytotoxic 
to cells loaded with the appropriate synthetic peptide. In the near future we 
will perform experiments to see whether or not these CTL are able to kill; 
1) murine cells transfected with human CD20 cDNA; 2) autologous 
murine B cell tumors; o r  3) autologous murine B cells o r  murine cells 
transfected with cDNA encoding human CD19. Furthermore we will 
transfeet murine cells with cDNA encoding human CD19 or CD20 and use 
these to generate CTL rerognidng peptides in MHC e k  I1 tnokcuks. 

NZ 109 IDEhTIFlCATION OF HLA-A2.1-RESTRICTED T-CELL 
EPITOPES USING TANDEM MASS SPECTROMETRY, 

R. A. Henderson*, A. L. Cox', K. Sakaguchi, E. AppeUa, J. 
Shabanowitz, V. H. Engelhard, D. F. Hunt. Depts. of Microbiology and 
Chemistry, University of Virginia, Charlottesville, Va. 22901 and Lab. of 
Cell Biology, NIH, Bethesda, MD, 20892 (* denotes equal conmbution). 
Endogenous peptides bound to HLA-A2.1 were isolated and separated 
by reverse-phase HPLC. A pomon of each fraction was used to sensitize 
target cells for lysis by a panel of peptide dependent HLA-A2.1-resmcted 
murine xenoreactive CTL clones. These clones exhibited 5 distinct 
patterns of peptide specificity. Several clones were chosen for further 
analysis. The reconstituting fractions for these clones were analyzed by 
microcapillary HPLC-elecaospray ionization-tandem mass spectrometry. 
This allowed the total number and the masses ( d z )  of all of the peptides 
in each fraction to be determined. These reconstituting fractions 
contained approximately 50 - 100 different peptides. In order to further 
subdivide these peptides, the reconstituting fractions were split into equal 
parts and further separated by RP-HPLC using either HFA or HFBA as 
an organic modifier. These fractions were again tested for their ability to 
sensitize target cells for lysis by Cn. Mass spectmmemc analysis of 
these reconstituting fractions showed that approximately 25 - 30 peptides 
were now contained in each fraction. By comparing the pepndes found 
in the reconstituting fractions from the HFA and HFBA HPLC 
separations, we were able to limit the number of peptides that may be 
responsible for epitope reconstitution to two or three candidate peptides. 
These candidate peptides are currently being sequenced by tandem mass 
specaometry. The epitope for one CIZ clone has k e n  identified as 
having the sequence ALWGFFPVfJ or L). It is important to note that 
the identification and sequencing of this epitope was accomplished in 
complex HPLC fractions in which this peptide was not dominant. Thus, 
the coupling of this mass spectmmemc technique with T-cell 
sensitization assays provides a unique, powerful, and generally applicable 
approach to the analysis of T-cell epitopes. This should greatly facilitate 
the identification of peptide antigens associated with cellular 
uansformation and viral infection. 

NZ 111 LOSS OF CD44 CpGP-I) ON CTL-P IN THE LkUPH 
NODES OF SENDAI \'IRUS-INFECTED MICE 

OCCURS PRIOR TO TRAFFICKING OF THESE CELLS TO THE 
WFECTED LUNG, Samuel Hou and Peter C. Doherty, Department of 
Immunology, St. Jude Children's Research Hospital, Memphis, TN 
38105. 
We have characterised the cell surface expression of several adhesion 
molecules on the lymphocytes in the broncho-alveolar lavage (BAL) 
and the draining mediastinal lymph nodes (MLN) of intranasally 
infected C57BU6J mice. LFA-1 expression on the BAL cells paralleled 
the degree of virus-specific cytotoxicity, peaking on day 10 
postinfection. CD44 Cpgp-1) expression was elevated throughout the 
timecourse of the experiment in the BAL lymphocytes. CD45RB 
expression on the BAL cells paralleled that ofLECAM-1 in that a huge 
influx of CD45RBLECAM negative cells is observed in the lung at the 
time of peak cytotoxicity and subsequent viral clearance. However, 
there was no partitioning of the CD45RB+/- cells into effectors or 
bystanders, both populations contained effector CTL Cell surface 
expression of these adhesion molecules were mostly unchanged in the 
MLN. We clearly demonstrate the predominant LECAM- 1 - phenotype 
of the effector CTL population in the lung and precursor CTL in the 
h4LN and preliminary results indicate that loss of CD44 expression on 
the LECAM-I- CTLp population in the MLN may be a prerequisite for 
the movement of this population of cells to the lung 
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NZ 112 PEPTlDES BOUND TO HLA-B7 DETERMINED BY MASS 
SPECTROMETRY, Eric L. Huczko, Wanda Bodner, David 

Benjamin, Kazuyasu Sakaguchi, Nian Zhu Zhou, Jeffrey 
Shabanowitz, Robert Henderson, Ettore Appella, Donald F. Hunt 
and Victor H. Engelhard, Beirne Carter Center and Department of 
Chemistry, University of Virginia. Charlottesville, VA 22901 
Microcapillary HPLClelectrospray ionizationhandem mass 
spectrometry was used to sequence 18 peptides eluted from the 
human class I molecule HLA-B7. 16 of these were 9 residues 
long, while 2 were lomers, and one was an I lmer .  All peptides 
contained a small hydrophobic residue at the carboxyl terminus, 
14 contained proline at position 2, and 11 contained a positive 
charge, usually arginine, at position 3. Alanine or arginine was 
found at position 1 in 16 sequences. Direct binding experiments 
using synthetic peptides indicated that these conserved features 
were important determinants for specific interaction with HLA-87, 
and suggested a similar mode of interaction regardless of peptide 
length. Modeling of peptides in the binding cleft of a predicted 
HLA-B7 structure, derived from the known crystal structure of 
HLA-B27, suggests explanations for the observed residue 
preferences. The B, D, and F pockets are involved in selection of 
residues at position 2, 3, and 9. The size and nature of the F 
pocket is similar to that of some other class I molecules and allows 
for the observed range of several small hydrophobic residues at 
the carboxyl terminal position. Proline appears to be preferred at 
position 2 because the B pocket of 87 is drastically reduced in 
size and hydrophilicity compared to 827 due to the substitution of 
tyrosine for cysteine 67. Arginine at position 3 participates in 
extensive van der Waals interactions in the D pocket, and forms a 
salt link with aspartate 114. These are the first data to suggest a 
role for the D pocket in specific peptide binding. These results 
provide additional support for a general mode of peptide 
interaction common to several class I MHC molecules, but 
demonstrate additional constraints on peptide binding to HLA-87 
that impose additional restrictions on peptide heterogeneity. 

NZ 114lNDUCTION OF B CELL COSTIMULATORY FUNCTION 

Kennedy, Kendall M. Mohler, Kurt D. Shanebeck, Peter R. 
Baum, Richard J. Armitage, William C. Fanslow, Melanie 
K. Spriggs, and Kenneth H. Grabstein, lmmunex Corp., 
Seattle, WA 98101 
Activated, but not resting B cells. can costimulate 
APC-dependent T cell proliferation and can function as 
stimulators in a primary MLR. B cells were activated 
in the presence of either LPS or membrane-bound 
recombinant murine CD40 ligand expressed on fixed 
CVl/EBNA cells. LPS- or CD40 ligand-activated, but 
not control-cultured B cells provided potent sources 
of :  1) cost imulat ion for ant i -CD3 dependent 
proliferation of syngeneic CD4+ T cells: and 2) 
stimulation of allogeneic CD4+ T cells in a primary 
MLR. These stirnulatory activities of CD40 ligand- 
activated B cells were comparable to or greater than 
those of LPS-activated B cells. Soluble CTLA-4:Fc had 
a significant inhibitory effect on the stirnulatory 
activities of both B cell populations. In addition, the 
enhancement of B cell stirnulatory function by CD40 
ligand or LPS correlated with the induction of cell 
surface expression of 87. 

BY RECOMBINANT MURINE CD40 LIGAND, Mary K. 

NZ 113 ISOLATION AND CHARACTERIZATION OF TUMOR- 

Elizabeth M. Jaffee, M.D.. Alex Huang. Gary Pastemack, M.D., Ph.D.. 
Amina Woods, Robert Cotter, Ph.D., and Drew Pardoll, M.D., Ph.D., 
Johns Hopkins Oncology Center, Baltimore, MD 21205 

One of the most critical questions in cancer biology is why the immune 
system fails to eliminate tumors that arise de nova. Recent studies have 
provided strong evidence that this failure owes to an inability to respond to 
tumor-specific antigens. We have demonstrated that the injection of tumor 
cells genetically engineered to produce certain lymphokines can activate 
inadequately functioning helper T cells and generate tumor-specific 
cytotoxic T lymphocytes (CTL) that provide systemic immunity to the 
parental tumor. Tumor antigens to which CTL respond have been difficult 
to characterize because they are not generally recognized by antibodies 
and therefore cannot be isolated by immunoprecipitation. 
Using the method of acid elution and reversed-phase high performance 

liquid chromatography (RP-HPLC), we recently isolated tumor-specific 
antigens from the MHC class I groove of two murine H-2d tumors, CT26, 
a colon carcinoma and Renca, a renal cell carcinoma. Tumor-specific 
CTL. which are used to identify RP-HPLC fractions that contain these 
peptides, were generated in vivo using our tumor-vaccine system. With 
this approach we were able to detect 1 immunodominant tumor-specific 
peptide out of 40 total RP-HPLC fractions for each tumor, using 
heterogeneous populations of CTL initially primed in vivo with a tumor 
vaccine genetically engineered to secrete the cytokine granulocyte- 
macrophage colony-stimulating factor (GMCSF). One minor peptide was 
also recognized for each tumor. Interestingly, for CT26. the major 
peptide repeatedly elutes from other CT26 tumors in fraction number 25, 
and the minor peptide in fraction number 32. For Renca, the major peptide 
elutes in fraction 33, and the minor in fraction number 36. Furthermore. 
these same peptides are detected by different populations of CTL 
generated in different mice of the same MHC haplotype using the same 
tumor vaccine. Recently, the RP-HPLC fractions were analyzed by 
several methods employing mass spectroscopy. The results revealed that 
each fraction contained at least one peptide with a molecular weight in the 
range of 1200 to 1500 daltons, which is approximately the molecular 
weight of an 8 or 9 amino acid peptide. Our data therefore suggests that 
there is only one or two immunodominant peptides presented by a 
population of tumor cells that have been grown in vivo. The 
characterization of these peptides will be discussed. 

SPECIFIC PEFTDES 

NZ 115Micropocket usage in HLA-A2 presentation of nielanoiiia 
peptides to CD8+ tumor infiltrating lyiiiphocytes (TIL).  

M. J. Maeurer', W. J. Storkus', R D. Salter#, and hl. T. Lotze', From 
the Departments of 'Surgery and Molecular Genetics and Biochemistr), 
and #Pathology, University of Pittsburgh School of Medicine. Pittsburgh, 
PA 15261. 

We have previously identified a senes or six T cell epitopes derived from 
human melanomas that are recognized in the context o( the HLA-A2 class I 
molecule by CD8+ cytolytic T lymphocytes (i.e TIL) These epitopea 
(termed Pl-P6) appear to represent melanoma-restricted peptides 
approximately 8-10 amino acids in length. Further, i n  peptide-pulsing 
expenments, P1-P6 were capable of conferring sensim i t )  to TIL-medi&d 
lysis upon a B cell line expressing a homogeneous population 01 HLA-A? 
class I molecules (CIR.A2). In  order to more fully characterize the binding 
site requirements of the PI-P6 determinants, we constructed a series of 
HLA-A2 sitedirected muIant molecules with a modified anugen binding siu 
(ABS). Each mutation affects a single amino acid residue witihin one of the 
six (A-F) micropockets constitutive to the HLA-A2 A B S  (positions 5. 58. 
66. 70, 74, 95. 97, 116, 156, 158, I n ) .  These mutant genes werc then 
tmnsfected into the CIR (HLA-A, B null) cell line and positive trdnsrectanls 
selected. PI-P6 peptides were subsequently pulsed onto each of these CIR 
transfectants and the resultant sensitivity to HLA-A2 restncted, melanoma- 
specific TIL assessed in  4h cytotoxicity assays. PI. P2. and P6 appeared to 
be recognized efficiently by TIL when presented by any of the HLA-A1 
mutant class I molecules. p3 was perturbed by mulil[ions in  the A (position 
5) and B (position 66) micropockets. while P4 was not presented effectivel) 
by HLA-A2 molecules with mulalions in the C (position 74) and F (position 
116) micropockets. P5 presentation appeared principally affected by 
mutations i n  the C (positions 70, 74, and 95) but \\.as also inhibited to a 
minor degree by mutations in the A (position 5) and D (position 156) 
micropockets. These data support heterogeneous usage of multiplc 
micropockets by the individual P1-E  melanoma peplides. Further, the P1, 
P2, and P6 species may bind with the greatest affinity to HLA-A2 since no 
single mutation examined within the ABS appeared to affect their 
presentation to the TIL effwtor cells. 
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NZ 116DIFFERENTIAL REGULATION OF HLA-CLASS I 
GENES BY INTERFERON IN VIVO AND IN VITRO 

H. Schmidt, I Steiert, E. Kellermann-KegreiB. J. Walz, R. Zinser, 
C A. Mhller Med. Universitatsklinik u. Poliklinik, Abt. 11, Otfried- 
Mhller-Str. 10, D7400 Tiibingen. FRG 

Modulation of HLA-antigens on peripheral blood lymphocytes, 
monocytes and hematopoietic precursors during IFNa therapy was 
investigated in 18 patients w th  myeloproliferative syndrome. After 
one month of IFNa therapy an increased number of monocytes and 
hematopoietic precursor cells, but not of lymphocytes expressed 
HLA-DQ antigens In addition, a strong induction of HLA-class I 
antigens was found on both hematopoietic progenitors and normal 
peripheral blood mononuclear cells By daily injections of IFN in 
the first month of therapy stimulation was continuously increasing 
suggesting a major effect of IFNa on hematopoietic progenitors 
w th  sustained enhanced expression of HLA-class I antigens during 
differentiation of myelomonocytic cells. HLA-class I antigen 
expression was consistently augmented by IFNU in all patients 
irrespective of their haematologic response. Differential in vivo 
regulation of HLA-class I antigens by IFN was demonstrated by 
comparison of HLA-A2 with HLA-B antigen expression. 

In vitro expression of the HLA-B7 and -Bw64 genes was 
significantly more inducible by interferon (EN) than the genes 
coding for the HLA-B27, HLA-BSI, HLA-B38, HLA-B39, HLA- 
Cw3 and HLA-A2 antigens after transfection into mouse L cells. 
Modification of the 5' ends of the HLA-B7 and HLA-B27 genes 
before transfection in mouse L cells revealed the presence of 
enhancer sequences responding to interferon treatment in the 5' 
untranslated region of the HLA-B7, but not of the HLA-B27 gene 
and suggested further independently acting enhancer elements 
downstream of the transcription initiation site. 

These findings may indicate specific regulatory mechanisms of 
HLA class I antigen expression possibly influencing T-cell reco- 
gnition in immune response. 

NZ 118 RAPID GENERATION OF MULTIFUNCTIONAL 
EFFECTOR T LYMPHOCYTES FOR CANCER 
LMMUNOTHERAPY, 

Vladimir E. von Fliedner, Stephanie Blum, and Jean-Charles Cerottini. 
Ludwig Institute for Cancer Research, Lausanne Branch, Epalinges, 
Switzerland. 
Our work on cancer therapy is based on the capacity of bispecific 
antibodies to redirect cytolytic T lymphocytes (CTL) onto gastro- 
intestinal tumor cells. At the clinical level, this approach involves the 
generation of effector T lymphocytes prepared ex vivo. In our concept, 
the ex vivo activation procedure must be simple (to reduce upscaling 
logistics), safe (by avoiding toxic stimuli), and short (to prevent blast 
formation and altered homing of reinfused cells). Activation via the 
CD28 pathway appears particularly attractive in this context because: a) 
T-lymphocytes are selectively stimulated; b) it does not imply 
TCWCD3 complex occupancy nor induces its modulation; c) anti- 
CD28 monoclonal antibody (mAb) can be used directly in solution; d) 
as it is known that this pathway enhances markedly lymphokine 
production, multifunctional effector T-lymphocytes can be produced. 
Cytolytic activity and lymphokine production were measured after 
activation protocols including IL-2, anti-CD28 mAb, the phorbolester 
PDBu, DAG ( I  .2-diactanoyl-sn-glycerol) and combinations thereof. 
CD28+PDBu generated highest lytic activity within 24-36 hr from 
normal PBL harvested by leukapheresis. Comparable results were 
obtained by substituting the toxic phorbolester with DAG, a natural 
ligand of PKC. In addition, early, strong and sustained TNF-a and 
IFN-y gene expression was achieved with CD28+DAG (or phorbol- 
ester), as well as increased TNF-a production in cell culture 
supernatants. Using cell sorting experiments we observed that 
CD28+DAG stimulated selectively the CD4 subset to produce TNF-a. 
Also, the CD8+/CD45RO- cells were less responsive than the 
CD8+/CD45RO+ cells. Thus, CD28 activated T-lymphocytes used in 
conjunction with bispecific antibodies may allow both the selective 
delivery of lymphokines (such as TNF-a and/or IFN-y) and the 
targeting of CTL at the tumor site. 

NZ 117 INDUCTION O F  AUTO-TUMOR CYTOTOXIClTY IN 

TREATED EX-VIVO TUMOR CELLS, Farkas Vinky  and 
Eva Klein,  Department  of Tumor  Biology, Karolinska 
Institute, 104 01 Stockholm, Sweden. 
Ovarian and lung carcinomas express low amounts  of 
class I and ICAM-I .  Treatment  with IFNy and T N F a  
i n c r e a s e d  t h e  e x p r e s s i o n  of t h e s e  m o l e c u l e s .  
Untreated tumor cel ls  were lysed by the autologous 
blood lymphocytes  in 6/52 cases .  They  could rarely 
induce cytotoxic function in the 16 h MLTC.  When 
cytokine treated tumor cells were used in the MLTC 
the cy to tox ic  funct ion of blood lymphocy tes  was  
activated in 11/18 ovarian and 9/13 lung carcinomas. 
T h e  a c t i v a t e d  l y m p h o c y t e s  d a m a g e d  bo th  t h e  
untreated and the cytokine treated tumor cells.  Cold 
target  compe t i t i on  expe r imen t s  sugges t ed  that  t he  
untreated and cytokine treated targets were lysed by 
the same effectors.  Involvement of c lass  I and ICAM- 
1 of the tumor cells in the induction and the effector 
phase was tested by blockade with a - c l a s s  1 (W6/32) 
and a - I C A M - I  (LB-2)  mAbs.  Presence of e i ther  of 
these two  mAbs in the M L T C  inhibited the activation 
of cytotoxic function. In the effector phase,  sensit ivity 
of t he  pre-treated targets  was  reduced by the LB-2  
m A b  with 89% ( 5  tests) and by the W6/32 mAb with 
4 2 %  ( 8  t e s t s ) .  T h i s  s u g g e s t s  t ha t  a c t i t a t e d  
lymphocytes  can exert  lysis without  involvement  of 
class 1 molecule.  Our results also show a quantitative 
difference in the requirement of class I molecules on 
t h e  t a rge t s  f o r  t h e  f u n c t i o n a l  i n t e rac t ion  wi th  
lymphocytes in the afferent and efferent phases.  

BLOOD LYMPHOCYTES BY CYTOKINE PRE- 
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T Ce// Stirnulaiot~ Tumor Antigens 
NZ 200IDENTIFICATION OF THE MELANOMA ASSOCIATED 

ANTIGENS RECOGNIZED BY MOABs NKI-beteb AND 
HMB-45, G.J. Adema, A.J. de Boer, A.M. Vogel and 
C.G. Figdor, Department of Immunology, The 
Netherlands Cancer Institute, Amsterdam, The 
Netherlands 

The glycoproteins recognized by moAbs NKI-beteb 
(gp 100 and gp7) and HMB-45 (gpl0) are amongst 
the best markers for human melanoma available to 
date. Although moAbs directed against these 
antigens are very suitable for diagnostic 
purposes, they are less suitable for therapeutic 
purposes since the antigens are primarily 
expressed intracellularly. However, peptides 
derived from the antigens, if presented by MHC 
molecules, may well be capable of evoking 
cellular immune responses. 

Using a rabbit polyclonal antiserum against 
gpl00 we isolated a cDNA clone containing an 
insert of 2.1 kb. This cDNA detected RNA species 
of 2.5 kb and 4.2 kb on Northern blots containing 
total RNA isolated from melanoma cells and 
melanocytes but not from any other cell type 
tested. Expression of the cDNA in either cos-7 
cells or gpl00 negative melanoma cells resulted 
in NKI-beteb as well as HMB-45 immunoreactivity. 
This indicates that NKI-beteb and HMB-45 both 
recognize the protein(s) encoded by this cDNA. 
Biochemical characterisation of the protein 
recognized by NKI-beteb in transfected cos-7 
cells demonstrated that the cDNA clone encodes 
gpl00 as well as gp7. 

We are currently determining the sequence of 
this CDNA clone. In addition, we are generating 
CTLs which recognize peptides derived from jpl00 
in an MHC restricted manner. These CTls will be 
tested for arrti-tumor activity in an in vivo 
model system. 

NZ 202 TISSUE-RELATED ANTIGENS ON MELANOMA AND 
MELANOCYTES ARE RECOGNIZED BY HLA-AZ- 

RESTNCTED CYTOTOXIC T CELL (CTL) CLONES FROM 
MELANOMA PATIENTS, Andrea Anichini, Cnstina Maccalli, 
Roberta Mortaritu, Arabella Mazzocch, Paola Squarcina, Meenhard 
Herlynl and Giorgio Parmiani, Division of Experimental Oncology 
D, Istituto Nazionale Tumori, Milan, Italy arid 1The Wistar 
Institute, Philadelpha, PA, USA. 
CD3+, CD8+, WT3 1+ CTL clones, acting by a T cell receptor- and 
HLA class I-dependent mechanism, were isolated from peripheral 
blood and tumor site of two HLA-A2+ melanoma patients with the 
aim of verifying the possible recognition of neoplastic and normal 
cells of the melanocyte lineage. Some of these CTL clones lysed not 
only the autologous melanoma but also allogeneic HLA-A2- 
matched normal melanocytes isolated from newborn foreskin. Lysis 
of normal melanocytes and of neoplastic cells was HLA-M- 
ressicted as indicated by blocking experiments with HLA-A2- 
specific monoclonal antobodies. Lysis of HLA-A2+ melanocytes 
was not dependent on the presence of bovine or human serum in the 
culture medium and was seen on proliferating as well as on growth 
arrested melanocytes. The HLA-A2-restricted CTL clones lysed all 
but one of 9 allogeneic HLA-A2+ melanomas but none of 9 HLA- 
A2- melanomas. In addition, the same CTL clones did not lyse any 
of 21 normal or neoplastic cells of non-melanocyte lineage, 
including autologous B lymphoblastoid cell l i e s ,  fibroblasts, and 
carcinomas, even though HLA-A2 was expressed on 14 of these 
cells. These results indicate that at least a proportion of the 
“common” melanoma antigens defined by autologous T cells, and 
seen in association with HLA-A2, are tissue-related and expressed 
on normal and neoplastic cells of the melanocyte lineage. 

NZ 201 CLONING OF THE GENE ENCODING TROP-2, A POTENTIAL 
TARGET FOR IMMUNOTHERAPY HIGHLY EXPRESSED ON 

THE CELL SURFACE OF HUMAN CARCINOMAS. Saverio Albenl. 
Manuela Stella, Roberta Dell’ Arciprete. Cecilia Bucci’, Michele Nutini. 
Anna Maria Naglieri. Enrica Riva and Mara Fomam. Institute “Mario Negri 
Sod”. Santa Maria lmbaro (Chieti). Italy. 4 Depanment of Cellular and 
Molecular Biology and Pathology, Univemity of Napoli. Italy. 
The gp5OErop-2 cell surface glycoprotein is expressed at high levels by 
tmphoblast cells and by the majority of human carcinomas. On the other 
hand. it is scarcely represented in most normal tissues with the exception of 
multistratified epithelia. We speculate that this molecule may play a relevant 
role in tumor cell growth and invasion and may Kpresent a target for novel 
diagnostic and immunotherapeutic strategies. To clone the gene encoding 
gp5OErop-2 we adopted an episomal vector-based expression cloning 
procedure, modified by us to reach transfection of 100% of the COS cells 
used, efficient selection of positive cells by cell sorting in flow and an 
overall sensitivity of screening of cDNA libraries of 1 positive clone 
dispersed in lo5 irrelzvant ones. We constructed a cDNA library in the 
CDMB vector using mRNA from the OVCA-432 cell l i e ,  which expresses 
gp5OErop-2 at high levels. From this library we isolated a clone encoding 
gp50Erop-2. This clone contains a 2.4 kb cDNA. which transfects 
gp50flrop-2 and hybridizes with a single 2.5 kb mRNA species from 
positive sources, including genomic transfectmts expressing gp50ITmp-2. 
Southern blot analysis shows that Trop-2 is likely a single copy gene in 
human cells. The DNA sequence of the coding strand of the Trop-2 gene 
does not show significant homology to any other sequence available from 
data banks. However, quite surprisingly, the template strand contains an 
entire gene of the Trop-1 family, tumor markers usually co-expressed with 
gp50Krop-2. Even more surprisingly the template strand transfects COS 
cells for 3 protein apparently undistinguishable from Trop-2 on serological 
grounds, as confirmed by in v i m  gene transcription and translation. To 
define the regulatory elements of the two complementary chains of the Tmp- 
2 gene we have cloned and sequenced the genomic Trop-2 gene. The 
genomic Tmp-2 gene is intronless and uansfects again for Trop-2 in COS 
cells in both orientations. We are currently defining possible post- 
transcriptional processing of the Trop-2 transcripts and we are determining 
by mulagenesis the DNA sequences responsible for the observed paitems of 
expression. 

NZ 203 EVALUATION OF THE JOINING REGION SEGMENT OF 
~ ~ ~ O B C R - A B L  CHIMERIC PROTEIN AS A POTENTIAL 

LEUKEMIA-SPECIFIC ANTIGEN TO ELICIT CLASS I MHC- 
RESTRICTED (7Iz RESPONSES. W. Chen. S.G. You. M.L. Disis and ~ ~~~~~~ .~ _ _ _  
M.A. Chewer, Div. of Oncology, Dept: of Medicine, Univ. of 
Washington School of Medicine, Seattle, WA 98195 
The hallmark of chronic myelogenous leukemia is the transposition of the 
c-abl protooncogene (ABL) from chromosome 9 to the specific breakpoint 
cluster region (bcr )  of the BCR gene on chromosome 22. The 
transposition results in the formation of a new BCR-ABL fusion gene 
which encodes a 210 kD chimeric protein with tyrosine kinas  activity. 
The segment of protein encoded by the joining region of the BCR-ABL 
transcript is composed of a unique sequence of amino acids which are 
expressed only by malignant cells. Our previous studies have 
demonstrated that immunization of mice with peptides corresponding to 
the joining region of p210BCR-aLprotein can stimulate class 11 MHC- 
resmcted CD4+ T cell responses specific for both the immunizing peptide 
and the p21@CR-mLprotein. The puxpose of the current ongoing study is 
to determine whether the joining region segment of p21@CR-ABL protein 
can similarly elicit class I MHC-restricted CD8fCI’L responses in mice 
and humans. In initial murine studies, Balb/c mice were immunized with 
synthetic peptides corresponding to the joining region of ~ 2 1 0 8 ~ ~ - B L  
protein. T cells were restimulated periodically in v i m  with syngeneic 
antigen-presenting cells plus peptides. The CD8+ T cell lines and clones 
elicited could specifically lysis syngeneic targets coated with the 
immunizing peptides, and were class I MHC-restricted. The peptide- 
specific T cell clones were specific for the joining region segment. 
Whether the peptide-specific T cells can lyse murine leukemia cells 
transferred by the BCR-ABL fusion gene will be evaluated. In initial 
human studies, synthetic peptides corresponding to the joining segment of 
pZl@CR-mL protein were analyzed for the ability to bind to class I MHC 
molecules. The T2 cell line which expresses unstable “empty” class I 
molecules (HLA-A2) was used to assess peptide binding. Results 
showed that particular peptides corresponding to the joining segment of 
p210BCR-ABL protein can bind to HLA-A2. but binding depends on precise 
construction of peptides. and not all potential peptides can bind. The 
observation that BCR-ABL peptides can bind to the human HLA-A2 
molecules demonstrates that the generation of human Cll to BCR-ABL is 
possible. Ongoing studies are evaluating whether joining region peptides 
that bind to HLA-A2 can be used to elicit peptide-specik (sn, by primary 
in v i m  sensitization using purified dendritic antigen presenting cells. 
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NZ 204 EVALUATION OF HERZ/NEU PROTEIN AS A POTENTIAL 
TARGET FOR CLASS I MHC-RESTRImD a. ~ ~ 

ML Disis. JW Smith, k Murphy, W Chen, MA Cheever, Division of 
Oncology, University of Washington, Seattle WA 98195. 

A major issue in developing specific T cell therapy for human 
malignancy is defining appropriate antigenic targets recognizable by 
autochthonous T cells. The aim of the current studies is to determine 
whether HER2Ineu protein expressed by human breast cancer is an 
appropriate CTL target. HERZ/neu is a transmembrane protein with 
inuinsic tyrosine kinase activity, and most likely functions as a growth 
factor receptor. The HERUneu proto-oncogene is amplified and over- 
expressed in a variety of malignancies and is associated with poor 
prognosis in  breast cancer. The encoded HER2/neu protein is a normal 
self protein and is not unique to malignant cells. Thus, self tolerance m y  
prevent generation of immune CTL. However, HER2heu is markedly 
overexpressed in malignancy and therefore any CTL elicited might lyse 
tumor preferentially and not destroy normal tissue. HER2/neu contains 
1260 amino acids (aa). It has an extracellular binding domain (ECD) of 
approximately 650 aa, with 40% homology to epidermal growth factor 
receptor (EGFR), a highly hydrophobic transmembrane anchor domain 
(TMD), and a carboxyterminus cytoplasmic domain (CD) of approximately 
580 aa with 80 % homology to EGFR. CTL normally recognize peptides 
derived from cellularproteins which have &en processed and presented to 
the T cell receptor in the groove of Class I MHC. We chose HLA-A2 as a 
prototype human class 1 MHC model for study. The binding motif has 
been described [Falk, K et al. Nature 351,290-296 (1991)l and the mutant 
cell line, R, can be used as an assay system for peptide binding. In initial 
experiments, we analysed the normal sequences of HER2heu for 9 aa 
segmenu with the potential to bind to HLA- A2. 19 peptides containing at 
least one of the dominant anchor residues were chosen for synthesis. The 
range of homology to EGFR was 049% (median 46%). 9 peptides were 
included from the ECD, 3 from the TMD, and 7 from the CD. Onky 11/19 
peptides could be constructed due to insolubility of the aa sequences 
chosen. Of the 9 peptides constructed, 6 have been shown to bind to 
HLA-A2 in the R binding assay. 'I2 fails to appropriately process peptide 
and as a result has low expression of HLA-AZ (30.50%). When incubated 
with peptides able to bind A2, the level of Class I MHC stabilizes on the 
cell surface and can be measured by immunofluorescent staining. Binding 
of peptides was determined by an increase in Class I surface expression to 
6 0 4 5 % .  Non-binding peptides had no effect on class I MHC expression. 
Ongoing studies are evaluating whether the HERUneu peptides that bind to 
HLA-A2 can be used to elicit peptide-specific CIZ by primary in vitro 
immunization using homozygous HLA-A2 antigen presenting cells. 

NZ 206 EVIDENCE FOR BIOCHEMICAL HETEROGENEITY 
OF GP96 HEAT SHOCK PROTEIN / TUMOR 

REJECTION ANTIGEN , Anna M Feldwerr and Pramod K 
Srivastava, Department of Pharmacology, Box 1215, Mount 
Sinai School of Medicine, New York, NY 10029 

Gp96 tumor rejection antigens are nearly identical to ERp99, 
grp94, hsplOO and hspl08. Significant differences among 
these molecules are : (i) mouse gp96 cDNA is identical to 
endoplasmidERp99 in the coding but not in the 5'- 
untranslated region; (ii) the 5' flanks of human grp94 and 
gp96 have similar but notidentical sequences ; (iii) a human 
hspl08 gene is similar but to human gp96. 
These persistent differences raise the question if gp96, 
hsp100, hspl08, ERp99 and grp94 represent a multigene 
family of related genes or if the differences are attributable to 
allelic variation of a single gene. 

Three serological reagents were used to analyze the 
complexity of gp96 : (i) anti- murine gp96 rabbit antiserum, 
(ii) anti-NH2 terminal peptide HS1 rabbit antiserum (from M 
Green) (iii) anti-murine grp94 rat mAb. Iodinated gp96 from 
the Meth A sarcoma was precipitated with each antibody 
until no further precipitable material could be detected by 
SDS-PAGE. The unprecipitated material was then 
precipitated with the other two antibodies. It was observed 
that : (i) rabbit anti-gp96 and anti-HS-1 antisera precipitate 
all the gp96 and completely pre-clear each other; (ii) a 
significant proportion ofgp96 remains unprecipitated by the 
anti - grp94 d b .  This can however be Precipitated fully by 
the anti-gp96 or anti-HS-1 antisera; These observations 
suggested that the anti-grp94 mAb was recognizing a sub- 
population of gp96 molecules. The possibility that these 
results may reflect differences in the relative affinities of the 
mono- and polyclonal antibodies was ruled out by repeating 
the pre-clearings by solid-phase immunofinity columns. 
Our results suggest that gp96, like its cytosolic counterpart 
hsp90, may exist in two similar but distinct isofom. 

NZ 205 MHC-RESTRICTED AND UNRESTRICTED 
RECOGNITION OF EPITHELIAL TUMOR MUCIN BY 

T CELLS. Nieves Domenech, Julie Magarian-Blander, J. Darrell 
Fontenot, Dawen Bu and Olivera. I. Finn. Department of Molecular 
Genetics and Biochemistry, University of Pittsburgh, School of 
Medicine, Pittsburgh PA, 15216 

Mucins are large, heavily glycosylated molecules expressed and 
secreted by ductal epithelial cells and tumors of the same origin. The 
deduced protein sequence of both pancreatic and breast much consists of 
multiple copies of a 20-amino acid tandem repeat. We identified an 
epitope expressed in each repeat which serves as a target for tumor 
specific CTL. 

Our previous work demonstrated that anti-mucin cytotoxicity was 
specific but MHC-unreseicted. We have now established mucin specific 
Cn lines and clones derived from breast and pancreatic cancer parients 
using mucin-mnsfected autochthonous and allogeneic EBV-B cells. The 
results of the functional analysis of those cells confvm that anti-much 
reactivity can be antigen specific and MHC-unresmcted. In as much as 
we consider this to be due to the highly repetitive nature of the mucin 
CXL epitopes, and the ability of a large number of epitopes to engage 
multiple TCR simultaneously, we have also generated autochthonous and 
allogenic targets transfected with cDNA vectors which encode mucin 
carrying only two CTL epitopes. We are now investigating the potential 
of these cells to stimulate only autochthonous but not allogeneic mucin 
specific CI'L. 

We have also synthesized a series of 9 aa long overlapping peptides 
which span the much polypeptide tamdem repeat sequence. Exogenus 
addition of some of those peptides restores the expression of HLA class I 
on acid-treated APC. These results mean that mucin peptides are capable 
of binding, at least, some class I alleles. Class I negative cells expressing 
defined transfected class I alleles are now being used to determine how 
restricted this finding is. At the same time we are isolating the peptides 
bound by Class I and Class Il molecules from mucin-transfected EBV-B 
cells analyzing them for the presence of mucin peptide sequences. 

The results of these studies will provide comprehensive information 
about processing and presentation of this unusual antigen to the immune 
system. We expect this information to be applicable to the treatment of 
epithelial cancers. 

NZ 207 EFFICIENT PROCESSING AND PRESENTATION of H- 
2Db- AND H-2Kb-RESTRICTED CYTOTOXIC T LYMPHO- 

CYTES (a) EPITOPES EXPRESSED AT DIFFERENT LOCATIONS 
IN SIMIAN VIRUS 40 (SV40) LARGE T ANTIGEN, Tong-Ming Fu, 
Robert H. Bonneau, Mary J. Tevethia and Satvir S .  Tevethia, Department 
of Microbiology and Immunology, Pennsylvania State University College 
of Medicine, Hershey, PA 17033. 
Cytotoxic T lymphocytes (a) recognize 8 or 9 amino acid peptide 
fragments derived from viral or tumor antigens in association with major 
histocompatibility complex (MHC) Class I molecules on the surface of 
viral infected or tumor cells and results in the specific lysis of these target 
cells. The main objective of this study was to determine the effect of the 
epitope location on antigen processing and presentation. One of the five 
CTL epitopes of SV40 T-Ag, Site I (residues 205-215), and a herpes 
simplex virus (HSV) glycoprotein B (gB) epitope (residues 498-505) 
were inserted at amino acid positions 350 and 650 of SV40 T-Ag by 
synthetic oligonucleotide fragment insertion. The T-Ag constructs used 
for this purpose contain an EcoRI tinker introduced at T-Ag residues 350 
and 650, respectively. The resultant T-Ag consuucts, named pSite U350, 
pSite V650, pgB/350 and pgB/650, were confirmed by DNA sequencing 
and transfected into C57BL/6 mouse embryo fibroblasts, from which 
stable T-Ag-transformed cell lines were derived. The expression of 
recombinant T-Ag in these cell lines was verified by Western blot and by 
immunoprecipitation analysis. The effect of epitope location on antigen 
prosessing and presentation was examined by a standard cytotoxicity lysis 
assay (S1Cr release assay) by using epitope-specific Cn. clones. The 
epitope-specific CTL clones used in the study were H-2Db-resmcted Y-1 
(or K-11) for recognition of the SV40 T-Ag Site I and H-2Kb-restricted 
2D5 for recognition of the HSV gB epitope. The results showed that 
SV40 Site I and HSV gB epitope are eficiently expressed at residues 350 
and 650 of SV40 T-Ag, and recognized by epitope-specific CTZ clones. 
Our results indicate that both an H-2Db-resmcted epitope (SV40 T-Ag Site 
I) and H-2Kb-resmcted epitope (HSV gB epitope) can be processed, 
presented and recognized by the epitope-specific CTL clones from the 
same locations in SV40 T antigen. 
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NZ 208 ONCOGENE DERIVED PEPTIDES. A NEW CLASS OF 
TUMOR REJECTION ANTIGENS? G w a v  Gaudernack, 

Tobias Gedde-DaM 111, Beaie Fossum, Bente H.  Oken, Jon Amund 
Eriksen and Erik Thorsby. Inslitute of Transplantatwn Immunology, 
The Naiional Hospifal and The University of Oslo, Norway 
ras proto-oncogenes activated by point mutations within d o n s  12, 13 
or 61 are frequently found in human tumors. Proteins derived from 
mutated p21 ras may give rise to immunogenic peptides following 
intracellular processing. Using cells from several healthy donors we 
have demonstrated that synthetic peptides derived from mutated p21 ras 
can elicit specific T cell responses in vitro after repeated stimulations. 
Both the peptides and the corresponding recombinant p21 ras proteins 
could be efficiently presented to the T cell clones by EBV transformed 
cell lines, carrying the appropriate HLA molecules. For one of these 
peptides we could show that three different T cell clones which were 
restricted either by HLA-DR2, -DQ7 or -DP3 molecules, recognized 
partly overlapping epitopes contained within the same peptide. Memory 
T cell responses towards such mutated ras derived peptides could also 
be detected in some cancer patients. In a cellular peptide competition 
assay and/or in a direct binding assay using purified HLA molecules, 
we could show that most of the synthetic peptides bound to HLA-DRl 
and -DR2, and that all bound to DQ6. These observations indicate that 
biilding to HLA of mutated ras derived peptides may be. a relatively 
general phenomenon, perhaps reflecting an important surveillance 
function in eliminating cells carrying potentially deleterious ras 
mutations. lmmunotherapy targeted against a common specific genetic 
alleration of neoplastic cells may thus be. possible. 
Our results also suggest a strategy for active immunization to obtain 
tumor rejection in patients carrying ras mutations, based on highly 
immunogenic artificial tumor cells constructed by loading autologous 
irradiated EBV transformed cell lines with the appropriate synthetic 
peptide. 

NZ 210 IN-VITRO INDUCTION OF PRIMARY CTL RESPONSE 
AGAINST WILD TYPE OR MUTANT p53 PEPTDNS. 

:%&E%. KeoemansY, C.HJ. vd. Veld2, A. Brand', 
W.M. Kast', CJ.M. MeEef'. Dept. 'Immunohaematology & Blood 
Bank and *Surgery, University Hospital Leiden, The Netherlands, 
Dept. 'Obsteu. & Gynecology, Free University Hospital, Amsterdam 
The p53 tumor-suppressor gene is mutated andlor overexpressed in a 
substantial proportion of human tumors and therefore an attractive 
target for immunotherapy of cancer. Several different peptides of wild 
type and mutant p53 have been selected for HLA-A2.1 binding using 
the HLA "upregulation" phenomenon upon exogenously adding of a 
binding peptide to the human processing defective 174CEM.n cell 
line (T2; abstract Nijman H.W., er a!.). Post-Ficoll peripheral blood 
mononuclear cells (PBL) of an HLA-A2.1 donor were added to 
peptide loaded T2 cells (as antigen presenting cells) in medium 
containing pooled human serum, the same HLA-A2.1 binding p53 
peptide (A8), but no Interleukin 2. On day 7 and 14 viable responding 
cells were restimulated. On day 21 the bulk responders were cloned 
by limiting dilution and growing clones were expanded. 
The most efficient protocol variant resulted in highly specific, CD8+, 
CTL clones which lyse HLA-A2.1 target cells sensitized with A8 
peptide. The CTL clones lyse in loading peptide concentration and 
effector-to-target ratio dependent way down to 1Onglml and 0.3:1 
respectively. Applicabon of various target cells and monoclonal 
antibody cytotoxicity blocking proved the HLA-A2.1 restriction of the 
clones. Amino acid replacement studies showed the fine specificity 
and probed the importance of epitope position 5 ,  (6, 7) and 8 for 
HLA-A2.1 restricted CTL recognition. We also succeeded in generat- 
ing CTL clones directed against other (mutant) p53 peptides. CTL 
clones capable of lysing tumor cells with the relevant p53 mutation or 
with p53 overexpression bear the potential for cellular immunotherapy 
of cancer. It is concluded that our protocol with R cells as APC is 
useful for in-virro primary immune response induction and that 
autoreactive CTL precursors for epitopes of wild type p53 are present 
in healthy donors. 

i lJ, H.W. N"man'J, S.H. vd. Bu&', 

NZ 209 CYTOTOXIC T LYMPHOCYTES WITH RECOGNITION 

Bernd Groner, Winfried Wels, Nancy Hynes and Dirk Morii, 
Friedrich Miescher Institut. P.O. Box 2543, CH 4002 Basel, 
Switzerland 
The amplification of the erbB-2 proto-oncogene is a frequent 
mutation in breast-. ovarian- and lung carcinomas and causes the 
overexpression of a growth factor receptor with tyrosine specific 
protein kinase activity. The enhanced receptor expression on the 
surface of tumor cells, when compared to normal epithelial cells, 
provides a target for directed tumor therapy. In order to enable 
cytotoxic T lymphocytes to recognize and eliminate erbB-2 
overexpressing cells, their recognition specificity was manipulated 
in vitro. For this purpose we used insights into the CTL 
components important for target cell recognition and signal 
transduction. The a/p chains of the T cell receptor (TCR), 
responsible for target cell recognition by most CTL, are associated 
with the proteins of the CD3 complex (y. 6, E and {). The C chain 
of the CD3 complex plays a central role in the induction of 
cytolysis. We have attempted to circumvent the recognition 
specificity of the alp chains of the TCR and confer a target cell 
recognition function directly to the C chain. For this purpose we 
derived a single chain antibody construct (SCFV) from mRNA of a 
hybridoma cell line producing monoclonal antibody against the 
extracellular domain of the erbB-2 receptor. The scFv domain was 
fused with the cDNA of the { chain to yield a chimeric scFv-{ 
gene, which was introduced into established CTL lines via retroviral 
gene transfer. The expression of the scFv-{ protein was detected 
in infected CTL by immunoprecipitation with antibodies specific for 
the scFv and the C chain. The SCFV-C protein was present as a 
transmembrane protein and scFv-C homodimers as well as scFv-{ < heterodimers were detected. The killing capacity of the 
manipulated CTL has been evaluated on erbt3-2 expressing target 
cells. 

SPECIFICITY FOR ERBB-2 EXPRESSING TUMOR CELLS, 

NZ 21 1 p53 PEFTIDES RECONSTITUTE HLA-A? EXPRESSION 
AND CONFER SUSCEPTIBILITY TO TIL-LYSIS, Gerhard 

H Leder' Walter J Storkusl, Gyorgy Stuberz. Susanne Modrow3 and 
Michael T Lotze', Departments of Surgery and Molecular Genetlcs and 
Biochemistry and the Ptttsburgh Cancer Institute, University of 
Pittsburgh, Pittsburgh, PA 152611. Department of Tumor Biology, 
Karolinsha Institute, Stockholm, S-10401, Sweden2, lnstitut fur 
Medizinische Mikrobiologie und Hygiene, Uni+ersitat Regensburg, 
8400 Regensburg, Germany3 
Nonamenc peptides conforming to the recently defined MHC class I 
peptide binding motifs are considered to be the predominant antigenic 
epitopes recognized by the T-cell receptor Peptide binding motifs have 
recent11 been determined for a series of MHC class I molecules, 
including the HLA-A? allele (Falk K et al , (1991) Nature 351 2%) 
Based on these predicted requirements for peptide binding to the HLA- 
A2 class I molecule, 21 peptides (9-1 1 amino acid long) derived from 
the human p53 sequence were identified and 18 q n t h e w d  The abdltj 
of these pepudes to bind to the HLA-A2 class I stmcture was examined 
b\ testing their potential to reconstitute BB7 2 reactive HLA-A2 
complexes on 2 different HLA-A? positive B-cell lines (K4B and T?) 
that had previously been acid (pH3 3) treated This procedure has 
previouslv been shoRn to reliably identify peptides binding to different 
MHC cl&s I motifs (Storkus W et al submilted for publicauon) Of the 
18 synthetic peptides, 10 reproducibly induced significant reconstitution 
of the HLA-A2 complex Four of 18 peptides did not reconstitute the 
HLA-A2 complex and an additional 4 peptides showed weak and 
vanable ability to reconstitute the HLA-A? complex Binding to an 
HLA-A2 peptide motif would only be a m~nimurn requirement for a 
pepude to serve as aT-cell epitope To test directlv for T-cell reactivity 
uith p53 peptides four of the HLA-A? binding peptides were pulsed 
onto a K4B B-cell line that subsequentl} w a s  assabed for sus~eptibility 
to melanoma derived TIL-lysis in  a Cr5'-release assay (p53 is 
overexpressed and/or mutated in 85% of all melanomas) Two of the 
peptides were found to be competent to confer elevdted melanoma TIL 
lyric actn it} to B-cell targets T h ~ s  degree of lysis is comparable to that 
observed for the autologous melanoma target Currently we are 
examining the potential of these p53 peptides 10 stimulate a p n m q  m 
vitlo CD8-t T-cell response 
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NZ 212 Gp96 IS AN ATPase. Zihai Li & Pramod K Srivastava 
Mt Sinai Sch of Med, Box 1215, New York, NY 10029 

Immunization of mice with gp96 elicits protection against a 
challenge with the tumor from which gp96 is isolated but  not 
another tumor (1). Gp96 from normal tissues does not elicit 
protection against any tumors tested (2). The specificity of 
immunogenicity of gp96 does reside in the DNA sequence 
or glycosylation of gp96. In light of our demonstration that 
0 9 6  is a heat  shock protein (hsp) and  that some hsps a r e  
known to bind peptides we have proposed (3) that  gp96 acts as 
a chaperonin for peptides, which confer on it the specificity of 
i t s  immunogenicity. Fur ther ,  as gp96 molecules reside 
largely i n  the endoplasmic reticulum (ER), we suggested (3) 
tha t  i t  acts as a peptide-acceptor in the ER lumen, and that It 
may be accessory to charging of MHC class I with peptides. 

As peptide-chaperoningkequestering is likely to be ATP- 
dependent, we looked for and  identified ATP-binding Walker 
sequences i n  gp96. When extracts of metabolically 32P- 
labelled cells a re  precipitated with anti-gp96, anti-hsp70 and 
anti-MHC class I antisera, 32P is found associated with gp96 
and hsp70 but not class I. ATF' and ADP are found associated 
with gp96 and  hsp70, but  not with class I on TLCs of the  
precipitates. The results indicate that gp96 binds ATP in vivo. 

An ATPase activity is observed i n  gp96 preparations. The 
activity is inherent in  gp96 and  not associated with it,  as 
observed by loss of the ATPase act ivi ty  on specific 
immunodepletion of gp96 from active preparations. The  
ATPase activity has a Km of 8 m, a temperature optimum of 
42 C a n d  a wide pH optimum. The activity is Mg++ a n d  
Ca++ dependent, is not stimulated by exogenous peptides, but 
is significantly stimulated by other proteins such as casein. 
These observations are  consistent with a role for gp96 in an 
energy-depenedent process in the ER lumen. 

1. Srivastava et al. 1986 PNAS 83,3407.2. Udono et al. this meeting. 
3. Srivastava & Maki 1990 Curr Top Micro Immun. 167,109 

NZ 214 T CELL RECEPTOR (TCR) V GENE USAGE IN MELANOMA 
SPECIFIC TUMOR INFILTRATING LYMPHOCYTES (TIL). 

Michael 1. Nishimura, Yutaka Kawakami, Patrick Charmley', Ben O'Neil, 
Joel Shilyansky, John R. Yannelli, Steven A. Rosenberg, and Leroy E. 
Hood'. Surgery Branch, National Cancer Institute, Bethesda, MD 20892, 
'Virginia Mason Research Center, Seattle, WA 98101, *Department of 
Molecular Biotechnology, University of Washington, Seattle, WA 98195. 
CTL can be isolated from human melanoma biopsies that specifically lyse 
autologous melanoma VitrO and can be effective therapeutic agents for 
patients with advanced disease. Recent evidence indicates that HLA-A2 
restricted. melanoma specific TIL recognize melanoma obtained from 
different HLA-AZ positive patients suggesting the presence of one or more 
common melanoma antigens. Furthermore, analysis by other groups of the 
TCR repertoire of TIL in fresh melanoma biopsies suggests limited TCR V 
gene usage in TIL. One serious limitation in analyzing the TCR repertoire 
in fresh tumors has been the inability to correlate TCR usage with immune 
function. Therefore, the TCR repertoire was determined in TIL cultures 
which specifically lyse autologous melanoma h jj.@~ and in many cases, 
mediate regression of metastatic lesions in patients with advanced disease. 
The TCR repertoire in cultured melanoma specific TIL ( n =  15) was diverse, 
with each TIL containing an average 6.2 f 2.9 of the 23 V a  and 7.3 It 2.9 
of the 23 VB families. Furthermore, there is no correlation between the 
TCR V gene usage and HLA haplotype, clinical response, or length of 
culture. The large TCR diversity observed in TIL implies that there is no 
restricted TCR V gene usage to a single melanoma antigen. This diversity 
may be due to multiple melanoma associated antigens, each capable of 
eliciting CTL responses, and/or presentation of melanoma associated 
antigens by multiple HLA molecules in a single patient can lead to a 
heterogeneous CTL response. A principle goal of this study remains to 
determine which TCR V genes contribute to b &O and %o TIL 
function. While there is no direct demonstration that the presence of a 
particular TCR V gene contributes to TIL function, indirect evidence 
suggests that certain TCR V genes may be involved lysis of human 
melanoma. Several Va and VR gene segments are present in the majority 
of the TIL cultures tested. V a l ,  Va2, Va7, Va21, and Va22 appear to be 
the most frequently utilized V a  gene segments and VR13, VR14, and VB18 
appear to be the most frequently utilized VB gene segments in the TIL lines 
tested. Northern blot analysis indicates that V a 2  and Va7 are predominant 
TCR rearrangements in some bulk TIL populations implying their 
involvement in melanoma specific lysis. Although results in this study 
suggest which TCR V gene segments are involved in immune responses to 
human melanoma, analysis of clonal melanoma reactive CTL is necessary 
to determine which clonotypes are important in lysis of human melanoma. 

NZ213 IDENTIFICATION OF POTENTIAL CYTOTOXIC T 

CESSING DEFECTIVE HUMAN CELL LINE, 174CEM.T2 (T2), 
CELL (CTL) EPITOPES FOR HLA-A2.1 USING A PRO- 

AND A SCORING SYSTEM DEDUCED FROM THE HLA- 
A2.1 PEPTIDE MOTIFS. 
H.W. Niiman'J, J.G.A. Houbiers'.2, S.H. vd. Bur&', M.P.M. 
Vierboom', A. Brand', C.J.H. vd. Velde2, P. Kenemans3, W.M. 
Kast', C.J.M. Melief I. 
Dep. of 'Immunohaematology & Blood Bank and %urgery, Uni- 
versity Hospital, P.O. Box 9600, 2300 RC LEIDEN, The Nether- 
lands; 3Dep. of Obstetrics and Gynecology, Free University Hospi- 
tal, De Boelelaan 1117, 1007 MB AMSTERDAM, The Nether- 
lands. 
For identification of potential CTL epitopes of human proteins we 
used a human processing defective cell line T2. T2 expresses 
"unstable" HLA-A2.1 molecules which can be stabilized by exoge- 
nously added peptides. This stabilization can be detected as an 
increase in HLA-A2.1 expression, measured by immunofluorescen- 
ce using the mouse monoclonal antibody BB7.2 and FITC labeled 
goat anti-mouse F(ab)z antibody. The synthetic peptides used for 
HLA-binding studies were selected using a scoring system deduced 
from the HLA-A2.1 specific motifs. Of the influenza matrix protein 
and p53 protein mainly high scoring peptides upregulated the 
HLA-A2.1 expression on the T2 cell line. Twenty-five different wild 
type and four mutant p53 HIAA2.1  peptides have been selected 
in this way. Of one of the binding p53 peptides we replaced one at 
a time every residue by alanine or arginine. Position 2 3  and 9 
seem to be essantial for binding in HLA-A2.1. The binding p53- 
epitopes are being used for induction of a primary CJTr, response 
with peptide loaded T2 cells as the antigen presenting cell (see 
abstract of J.G.A Houbiers, e t  al.). 
We conclude that the combination of our scoring system and the 
processing defective T2 cell line is a good tool in selecting potential 
epitopes for (primary) CI'L induction. 

NZ215 CELLS TRANSFORMED BY THE EJRASONCOGENE 

Rienk Offringa. R.  Toes, R. Blom. C.J.M. Melief and W.M Kast. 
Dept. of lmmunohematology and Blood Bank, University Hospital 
Leiden, The Netherlands. 
Mouse embryo cells (C57BU6, H-3 )  transformed by the Ela and 
E lb  genes of Human Adenovirus type 5 (Ad5MEC) are highly 
immunogenic. These cells. although forming large tumors in 
nude mice, are not tumorigenic in syngeneic immunocompetent 
animals. Ad5MEC are efficiently killed by specific CTL clones in 
vitro and, after adoptive transfer of CTL, in vivo. Examination of 
Ad5MEC-reactive CTL clones revealed two types of H-2Db- 
restricted CTL, the respective specificity of which is (1) an 
Ad5Ela peptide (SGPSNTPPEI) and (2) a peptide that is 
apparently encoded by an Ad5E1 a-induced cellular gene 
Cells that, in addition to Ad5ElaElb. express an activated H-% 
oncogene ( E J m )  are highly tumorigenic in syngeneic 
immunocompetent mice. Furthermore, tumors of these cells in 
nude mice were not eradicated by adoptive transfer of Ad5Ela- 
specific CTL. Ad5+= MEC are, however, efficiently killed by 
these CTL in vitro. indicating that the tumor cells do present the 
highly immunogenic E l  a-peptide. Interestingly, Ad5+= MEC 
express and secrete considerable amounts of active 
Transforming Growth Factor 6 (TGF-6). Secretion of this 
immunosuppressive agent may enable the cells to evade 
destruction by Ad5Ela-specific CTL in vivo. Moreover, A d 5 + ~  
MEC were found to lack the second, cell-encoded CTL-epitope 
(see also abstract of C.J.M. Melief et al.). We are, at present, 
determining the relative contribution of these two properties of 
Ad5E1+% MEC to the escape from T cell immunity. 

EVADE DESTRUCTION BY TUMOR-SPECIFIC CTL. 
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NZ216 EXPRESSION OF THE MAGE-1 GENE BY H U h y  

Herve Charnbost', Francis Brasseur", Pierre Coulit", Anne-Man: 
Stoppa', Darnel Baume' Jac ues Camerlo, Patrice Mannoni , 
Thierry Boon" and Dormhique%araninchi', 'INSERM U.119 and 
Institut Paoli Calmetles, Marseille, France ; * *  Ludwig Institute for 
Cancer Research Brussels Branch, Belgium 
High-dose r-1L2 alone induce partial or corn lete remission in some 
cases of acute myeloid leukermas (AML) .he mechanisms of the 
antileukemic effect observed in vivo are not clearly e lained The 
expression of a tumor rejection antigen by some lexemic blasts 
could lead lo a specific antileukemic response that might be 
amplified by the administration of r-IL2. However there is no 
evldence until now for the existence of cytotoxic T lymphocytes 
(CT'L,) specifidly directed against leukemic blasts Recently a gene 
called h4AGE-1 has been identified (van der Em en et al.) that 
direccs the expression of a tumor rejection antigen 8 n e  MAGE-I is 
expressed in a significant proportion of melanomas and breast tumor 
sample& as well as in other types of tumors . We looked for 
e ression of gene MAGE-1 by hernatolo 'd malignanaes usin 
PZR with MACE-1 specific primers . #e analyzed 45 fie& 
leukemia sam les and 10 cell lines derived from hematological 
malignancies. his panel included acu1e(n=36) and chronic n 4) 
leukemias from all lincages (myeloid, lymphoid T and B) at ddeLnt 
srages of differenciation, as well as multiple myeloma and 
Waldensuom disease. All the fresh samples proved to be ne ative 
for the expression of gene MAGE-1. hut cell lines K562, HEL and 
HL60 expressed MAGE-1. The positivity of these cell lines is 
prnbablr MI related to ~~ rirreolher leukemic B 
1 T and m eloid cells lines were negative. This su ests that a larger 
number orleukemia samples should be analyzed %e expression of 
gene hL4GE-I by some hematological cell lines could provide an in 
vitro model for the immunogenicity of leukemic blasts. 

HEMATOLOGICAL MALIGNANCIES, Daniel Olive , 

NZ218 HLA-A2 RESTRICTED LYSIS OF HUMAN RENAL CELL 
CARCINOMA BY TUMOR-INFILTRATING LYMPHOCYTES, 
Dolores J. Schendel,  Bernd Gansbacher, Ralph 
Oberneder and Oscar G .  Segurado, I n s t i t u t e  of 
Immunology and Department of uro logy ,  Un ive r s i ty  
of Munich, Germany and Sloan-Ket te r ing  I n s t i t u t e  
f o r  Cancer Research, N e w  York, NY 10021 
Primary r e n a l  c e l l  carcinoma ( R C C ) ,  l i k e  mela- 
noma, be longs  t o  t h e  smal l  group of human tumors 
i n  which p a r t i a l  o r  complete remiss ion  has  been 
observed i n  some p a t i e n t s  fo l lowing  t r ea tmen t  
w i th  v a r i o u s  forms of immunotherapy. CTL showing 
MHC-restricted l y s i s  of RCC have n o t  been e a s i l y  
found among t u m o r - i n f i l t r a t i n g  lymphocytes (TIL) ,  
l ead ing  t o  t h e  sugges t ion  by some t h a t  responses  
t o  immunotherapy a r e  mediated by non-MHC-restric- 
t ed  cel ls .  W e  i s o l a t e d  MHC-restricted, CDB-posi- 
t i v e  CTL from a TIL popu la t ion  c u l t u r e d  from 
primary RCC; these CTL r e p r e s e n t  a ma jo r i ty  of 
the  shor t - te rm c u l t u r e d  popu la t ion .  The CTL lysed  
au to logous  tumor cells b u t  n o t  normal kidney 
cel ls  o r  t a r g e t s  s e n s i t i v e  t o  LAX o r  NK cells .  I n  
c o n t r a s t ,  w( cells i s o l a t e d  from t h e  p e r i p h e r a l  
blood ly sed  au to logous  tumor and normal kidney 
ce l l s  and a l l o g e n e i c  tumors. The TIL could  be 
expanded op t ima l ly  us ing  an  au to logous  tumor l i n e  
r e t r o v i r a l l y  t ransduced  wi th  t h e  human gene 
encoding IL-2. The TIL u t i l i z e d  a r e s t r i c t e d  
number of V a  gene f a m i l i e s ,  sugges t ing  t h a t  t hey  
recognize  a l i m i t e d  number of MHC-peptide com- 
p l exes .  HLA-A2 was i d e n t i f i e d  as an MHC 
r e s t r i c t i o n  molecule f o r  p r e s e n t a t i o n  of one 
unknown tumor-derived pep t ide  t o  t h e s e  CTL. Only 
some a l l o g e n e i c  HLA-A2 RCC tumors w e r e  l y sed ,  
i n d i c a t i n g  t h a t  he t e rogene i ty  i n  MHC or pep t ide  
in f luences  CTL r ecogn i t ion .  These s t u d i e s  
demonst ra te  t h a t  RCC tumors expres s  a n t i g e n i c  
de t e rminan t s  t h a t  can be recognized  by h igh ly  
s p e c i f i c  CTL and open t h e  p o s s i b i l i t y  t o  d e f i n e  
t h e  n a t u r e  of RCC-derived pep t ides  which can 
gene ra t e  an e f f e c t i v e  immune response .  

NZ 217 EVALUATION OF THE TUMOR INFILTRATING 
LEUKOCYTES IN BREAST CARCINOMAS ACCORDING 

TO THE c-erbB-2 ONCOPROTEIN OVEREXPRESSION, Serenella 
M. Pupa, Sylvie MCnard, Salvatore Andreola, Barbara Pozzi, Rosaria 
Bufalino and Maria I. Colnaghi, lstituto Nazionale per lo Studio e la 
Cura dei Tumon, Milan, Italy 
We recently reported (Int. I. Cancer: 49, 44-49, 1991) that c-erbB-2 
oncoprotein (neu) overexpression in breast carcinoma is strongly 
associated (JI = lod) with the presence of lymphoplasmacytic infiltration 
(LPI) in the tumor and that LPI is indicative of a good prognosis only in 
the oncogene-positive subgroup. On the contrary, in the neu-negative 
group, there is a trend for LPI positivity to be associated with a poor 
prognosis. When LPI was analyzed in asmiation with the necrosis, a 
strong association ( p=lW) was found in the neu-negative cases, 
whereas in the neu-positive group this association was only borderline. 
These observations suggest the presence of 2 types of LPI: one 
corresponding to a specific anti-tumor response in the neu-positive group 
and another one consisting of an aspecific infiltration induced mainly by 
tumor necrosis. To verify this hypothesis, the phenotype of the LPI 
detected in 67 primary breast carcinomas was characterized by 
imrnunohistochemistry performed on cryosections using a panel of 8 
MAbs directed against different leukocyte subpopulations. The results 
were analyzed according to the neu overexpression. In keeping with the 
previously observed association between neu and LPI, the frequency of 
neu-positive tumors was high (55%)  in this series. The leukocyte 
phenotypic analysis indicates that neu-positive tumors are more 
frequently infiltrated by monocytes and granulocytes than neu-negative 
ones. This data, apparently in constrast with our hypothesis, may be 
explained by the fact that neii overexpression is frequently associated 
with the expression of other oncogenes such as c-fms. CSF-1 released 
by the tumor cells might be responsible for monolgranulocytic 
infiltration. 

NZ 219 T CELL RECEPTOR VARIABLE GENE USAGE IN 
MELANOMA SPECIFIC TIL CLONES AND LINES. 

Joel Shilyansky, Michael I. Nishimura, John R. Yanelli, Yutaka 
Kawakarni, Bert ONeil, James J. Mule, Steven A. Rosenberg. 
Surgery Branch, National Cancer Institute, Bethesda, MD 
20892. 
Tumor infiltrating lymphocytes (TIL) obtained from human 
melanomas are capable of melanoma specific reactivity in uitm 
and can mediate tumor regression in uiuo. In order to develop 
more effective therapeutic reagents and to further understand 
the T cell response to tumors, it is important to determine which 
clonotypes are involved in melanoma antigen recognition. This 
is particularly relevant since recent experimental evidence 
suggests the existence of shared melanoma antigenb). Thus, a 
TIL line derived from one patient may be reactive against 
melanomas obtained from other patients who share HLA 
restriction elements. Analysis of T cell receptor (TCR) repertoire 
was previously performed on bulk TIL lines. These studies could 
not define the clonotypes responsible for melanoma specific lysis, 
but suggested tha t  some variable (V) regions were found a t  
increased frequency among the TIL lines. We determined the 
TCR variable gene segments used by four clonal and two 
oligoclonal TIL. All the TIL lines studied are CD8+ and 
specifically lyse autologous or HLA matched melanomas. TIL 
Fl l -21  (Vg15), F2-2 (Va21), A10 (Va2.2, Vg4), TIL 5 (Val, Vp7) 
obtained by limiting dilution cloning, each expresses a single 
TCR, confirming their clonal nature. Line C10-1 Na14, Vcr23, 
Vp13) derived by limiting dilution and 1200 (Va2, Va9, VglO, 
Vp22) obtained from a 61  day culture, each expresses two TCRs. 
Three TIL cultures (1200, F2-2 and TIL 5) are HLA-A2 
restricted, but each uses a different TCR to recognize melanoma 
antigen. In summary, we found no limited V gene usage. This 
pattern was seen even among three HLA-A2 restricted TIL. 
These findings suggest that  multiple TCR clonotypes may be 
reactive against a melanoma specific antigen. Alternatively, 
there may he multiple melanoma specific antigens presented on 
the surface of tumor cells in the context of different HLA 
haplotypes. 
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NZ 220 T CELL RECOGNITION OF HODGKIN'S LYMPHOMA 
ANTIGENS, AP Sing, RF Ambinder, PD Greenberg, Dept. of 

Medicine and Immun., Univ. of Washington, Seattle, WA. 98195.and 
Johns Hopkins Univ., Balnmore, MD. 21231 
One obstacle that interferes with the general application of immunotherapy is 
the difficulty identifying target antigens on tumor cells that are not expressed 
on normal tissues and can elicit T cell responses. The expression of proteins 
encoded by oncogenic viruses associated with the development of 
malignancy provides potential target antigens for an immune response. The 
Epstein-Ban virus (EBV) is a transforming virus associated with several 
malignancies including Hodgkin's Disease (HD). Recent studies have 
revealed, in a subset of HD patients. the presence of a clonal EBV genome in 
the malignant Reed-Stemberg (R-S) cell, and detected expression of several 
potentially immunogenic EBV proteins. 
Previous studies in healthy seropositive people have demonstrated an 
immunodominant response to specific EBV proteins, EBNA-3A and EBNA 
3C. Unfortunately, neither of these proteins is expressed in R-S cells. 
However, R-S cells do express LMP-1 and LMP-2, both of which can elicit 
immune responses in normal people. Thus, manipulating and/or augmenting 
the response to LMP may have therapeutic benefit in a subset of HD patients. 
To determine whether there is a quantitatively deficient or qualitatively 
resmcted immune response that prevents effective recognition or elimination 
of the malignant cells, we are now characterizing the cytotoxic T cell (Tc) 
response to LMP-1 and LMP-2 in EBV seropositive HD patients. Polyclonal 
cell lines have been established that have cytotoxic activity against autologous 
EBV transformed lymphoblastoid cell tines (LCLs). These lines are now in 
the process of being cloned by limiting dilution to determine the specificity 
and magnitude of this response for individual EBV encoded proteins. 
Despite expression of EBV proteins in R-S cells and a potentially intact 
EBV-specific immune response, this maignant cell could escape immune 
surveillance by alternative mechanisms. For example, R-S cells could ex- 
press Class I genes poorly or could have defects in the processing machinery 
resulting in inadequate presentation of EBV encoded proteins. To address 
these issues we are evaluating CTL reactivity to an in v i m  maintained R-S 
cell line, L-428, derived from an HD patient. Endogenous expression of 
Class I alleles is being quantified and the response to inducing agents such as 
IFN-7 is being determined. Since this line is EBV negative, EBV genes will 
be innuduced via infection with recombinant vaccinia viruses, and the ability 
of the cell line to process and present EBV proteins to Tc will be assessed. 
The results from these studies should elucidate the mechanism of immune 
escape and may lead to a potential therapeutic intervention. 

NZ 222 MULTIPLE SHARED HLA-A2.1 ASSOCIATED PEPTIDE 
EPITOPES FOR MELANOMA-SPECIFIC CTL. 

Craig L. Slingluff, Jr., Andrea L. Cox, Robert A. Henderson, Donald F. 
Hunt, Victor H. Engelhard, Departments of Surgery, Chemistry, and 
Microbiology, University of Virginia, Charlottesville, VA 22908 

Identification of shared melanoma antigens recognized by human CTL has 
potential implications for understanding oncogenesis and for modulating 
the host immune response to melanoma. In the present study, HLA-A2.1- 
associated peptides were extracted from human melanoma cells and were 
used to study epitopes for HLA-A2.1 -restricted human melanoma-specific 
cytotoxic T lymphocytes (CTL). CTL generated from human tumor- 
involved lymph node cells lyse autologous melanoma and four different 
HLA-A2. I +  human melanoma lines; they fail to lyse all other targets 
tested. HLA-A2.1 molecules were isolated from loto melanoma cells by 
detergent solubilization and immunoaffity chromatography. Peptides 
bound to the MHC molecules were acid-eluted and fractionated by 
reversed-phase HPLC. Individual fractions were added to the HLA- 
A2.1' antigen-processing mutant, 721.174XCEM.T2 (T2). and several of 
these fractions were reproducibly capable of reconstituting epitopes for 
these melanoma-specific CTL. Using combinations of three different 
HPLC separation conditions, a minimum of six distinct peptide epitopes 
for melanoma-specific CTL were repeatedly demonstrated. Ail six 
epitopes were reconstituted from peptide extracts from each of two 
distinct allogeneic HLA-A2. I +  melanomas; therefore, they are believed to 
represent shared epitopes for melanoma-specific CTL. They may 
represent peptides derived from six distinct endogenous proteins or they 
may represent a smaller number of endogenous proteins with more than 
one epitope derived from proteolysis of each. By using microcapillary 
HPLCitandem mass spectrometry, peptides present in reconstituting 
fractions on two different HPLC gradients have been identified. These 
include a nonamer peptide that matches the amino-acid sequence of 
monophenyl mono-oxygenase, a tyrosinase involved in melanin 
production. Sequencing, synthesizing, and testing these peptides is 
expected to permit identification of the peptide epitopes for melanoma- 
specific CTL, which will enable development of novel peptide-based 
synthetic tumor vaccines, and optimization of immunotherapy regimens 
for melanoma. 

NZ 221 RECOGNITION OF RAS PEPTIDES BY CLASS I 

Jonathan Skipper and  Hans  Stauss. Imperial Cancer 
Research Fund, Human Tumour Immunology Group, 
Courtauld Institute of Biochemistry, 91 Riding House 
Street, London, W l P  8BT England. 
Act ivated p 2 l r a s  exhibiting a single amino  acid 
substitution at either position 12 or 61 is associated with a 
variety of human malignancies. Class I1 MHC-restricted 
CD4+ T cell responses specific to  mutated p21ras hake 
been demonstrated (1). Corresponding recognition by 
class I MHC-restricted CD8+ T cells would suggest that p?l 
might be a tumour rejection antigen and  a target for 
therapy in humans. Ras peptides with a H-2Kb binding 
motif were synthesised and class I binding was measured 
(2) using mutant RMA-S cells which were shown to have 
a peptide loading defect resulting in the expression of a 
significant number of empty MHC molecules. Among 
several Ras derived peptides which bound to H-2Kb one 
corresponded to amino acid 60-67 of the protein sequence. 
Pept ides  containing ei ther  wild type  residue h l  
(glutamine) or  a transformation associated mutation 
(glutamine to lysine change) were found to bind to Kb. 
CTL lines were generated from C57 81/10 mice by 
stimulation with Ras peptides and  class I restricted 
cytotoxicity was observed. These CTL lines were able to 
specifically recognise RMA targets pulsed with the 
immunizing Ras peptides. Experiments a re  being 
performed to test whether peptide specific CTL can 
recognise target cells expressing ras endogenously, which 
would suggest the use of ras as a target in immunotherapy 
of certain cancers. 
1. Peace, D.J. (1991) J.Immuno1. 146: 2059-2065 
2. Stauss, H.J. (1992) PNAS 89: 7871-7875 

RESTRICTED T CELLS 

NZ 223 A DELAYED TYPE €IYPERSENSITI\'ITY RESPONSE 
TO H U M A N  PAPILLOMAL'IRUS TYPE 16 

(HPVlG)  PROTEINS, M A .  Stanley  and K4. C h a m b e r s ,  
D e p a r t m e n t  of Pa thology,  Univers i ty  of C a m b r i d g e ,  
Tennis C o u r t  Road, C a m b r i d g e ,  L n i t e d  Kingdom. 
W e  have e s t a b l i s h e d  an a n i m a l  m o d e l  i n c o r p o r a t i n g  
t h e  e x c l u s i v e l y  e p i t h e l i a l  n a t u r e  of H P \ . l 5  t o  
inves t iga te  t h e  immune response t o  v i ra l  p r o t e i n 3  in 
vivo. 
I m m o r t a l  n o n - t u m o r i g e n i c  Balb/C kera t inocyt t .  cel l  
lines c o n t a i n i n g  a r a n g e  of HPVlG ORFs h a v e  been 
g r a f t e d  onto s y n g e n e i c  mice using a t r a n s p l a n t a t i o n  
t e c h n i q u e  t h a t  p e r m i t s  t h e  r e f o r m a t i o n  of a 
d i f fe ren t ia ted  e p i t h e l i u m  on a g r a n u l a t i o n  tissue bed. 
I n  t h i s  way vi ra l  a n t i g e n s  may be p r e s e n t e d  t o  t h e  
i m m u n e  s y s t e m  in  a manner c o m p a r a b l e  t o  t h e  
n a t u r a l  i n f e c t i o n .  A DTH response was s t u d i e d  a 
m i n i m u m  of 7 days p o s t  graf t ing  by cha l lenging  t h e  
ear wi th  r e c o m b i n a n t  vacc in ia  virus express ing  e i t h e r  
the v i ra l  EG, E7 or L 1  p r o t e i n ,  or E7 p r o t e i n  alone. 
Mice showed a s ta t i s t ica l ly  s ign i f icant  ear swel l ing  
response t o  t h e  c h a l l e n g e  protein expressed b y  t h e  
grafted cel! l i n e  w h e n  compared t o  t h e  r e l c v a n t  
c o n t r o l  cha l lenge .  T h i s  response was n o t  seen i n  m i c e  
graf ted  w i t h  an i r r e l e v a n t  cel l  l ine.  
It has been d e t e r m i n e d  that i n f l a m m a t i o n  a t  t h e  s i t e  
of s e c o n d a r y  protein chal lenge  is necessary t o  a c h i e v e  
a specific DTH response. Furthermore t h e  response has 
been f o u n d  t o  decrease i n  a dose d e p e n d e n t  manner 
wi th  decreas ing  n u m b e r  of graf ted  cells. 
T h i s  m o d e l  has been used to d e t e r m i n e  t h e  n a t u r e  of 
e f f e c t o r  ce l l s  i n v o l v e d  i n  the response and also t h e  
p o t e n t i a l  of  low c o n c e n t r a t i o n s  of p r i m i n g  a n t i g e n  t o  
i n d u c e  specif ic  immunologica l  suppress ion .  
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NZ 224IMhlUNOLOGICAL RECOGNITION OF 61 CODON 
MUTATED P21 RAS PROTEINS AND PEPTIDES. Anne- 

Francoise Tilkin, Nicole Ngo-Giang-Huong, Benoit Dtprez*, Andre 
Tartar*, Michele Kayibanda, Jean-Paul Lkvy, and Jean-Gerard 
Guillet, INSERM U152, 27 rue du Faubourg Saint-Jacques, 75014 
Pans (France), *Service de Chimie des Biomolecules, Institut 
Pasteur, Lille (France). 
The activation of ras protooncogenes is usually due to a point 
mutation within codon 12 or 61 which induces single aminoacid 
substitutions. To know if such substitutions induce new antigenic 
determinants which are recognized by the immune system, different 
r2s proteins and peptides : wild-type or mutated in codon 61 were 
synthesized and inoculated in different strains of mice. Among the 
five substitutions tested (61 Gln - > Leu, Lys, Arg, His or Gly), two 
(Gln - > Leu and Gln - > His) induce specific T helper responses i 

hybridoma cell lmes which recognize the m tated peptides (Gln - > 

hybridoma cell lines allow us to performe competitions experiments 
which establish that wild-type pepti es at the contrary to mutated 

processing experiments realized with wild-type or mutated proteins 
have shown that (61 Gln ->  Leu) mutated peptide could be a 
"natural" peptide produced by the processing of (61 Gln -> leu) 
mutated protein. 
The study of the immune protection against ras tumours induced by 
inoculation with ras tumour cells in  mice is now beginning with ras 
tumour cells produced by transfection of ras mutated oncogenes in 
murine tumour cell lines and by transfection of IAk (Y and B in 
murine ras turnours. 

the H-2k haplotype. Furthermore, we have established T CD4 P 
His) or (Gln -> Leu) presented by the I-A t: H-2 antigen. These T 

peptides are not able to fix to the I-A d H-2 molecules. Furthermore, 

NZ 226 A MUTANT p53 TUMOR SUPPRESSOR PROTEIN IS A 

T CELLS, Michael Yanuck,*# David Carbone: C. David 
Pendleton,* Taku Tsukui.' John D. Minna? and Jay A. 
Berzofsky. 'Molecular Immunogenetics and Vaccine Research 
Section, Metabolism Branch, National Cancer Institute, National 
Institutes of Health, Bethesda, MD 20892 USA, #Howard Hughes 
Medcial Institute-NIH research scholar. and the tSimmons Cancer 

TARGET FOR PEF'TIDE-INDUCED CD8+ CYTOTOXIC 

Center, University of Texas Southwestern Medical Center, Dallas. 
TX 15235-8593 USA 
We asked whether mutations in the p53 tumor suppressor gene, 
that lead to transformation and frequently overexpression of the 
mutant p53 protein, might serve as tumor antigens recognizable by 
cytotoxic T lymphocytes (a). CI'L recognize processed peptide 
fragments of any endogenous protein, after these peptides are. 
carried to the cell surface. by major histocompatibility (MHC) 
molecules. Thus, a tumor antigen does not hzve to be. expressed as 
an intact protein on the cell surface to be recognizable by CI'L, as 
long as the antigen is processed in the cytoplasm and peptide 
fragments can bind to class I MHC molecules. p53-specific CI'L 
were generated by immunizing BALB/c mice with spleen cells 
pulsed with a peptide, corresponding to a 21 amino acid sequence 
encompassing a mutation in the mutant p53 gene product from a 
human lung carcinoma. The CI'L recognize peptide-sensitized 
targets as well as fibroblasts transfected with the mutant p53 gene, 
endogenously expressing the mutant protein. MHC restriction 
studies show that the peptide is presented by the Kd molecule, and 
blocking with monoclonal antibodies indicated that the Cn were 
CD8+. Thus, these results demonstrate that endogenously 
synthesized mutant p53 in a tumor cell can render the. cell a target 
for specific CTL. and that these Cn can be generated by peptide 
immunization. These findings may point the way toward an 
approach to selective immunotherapy against tumors. 

NZ 225 HEAT SHOCK PROTEINS HSP70, HSPW AND GP96 

TUMORS FROM WHICH T H E Y  ARE ISOLATED, Heiichiro 
ELICIT  TUMOR - S P E C I F I C  IMMUNITY T O  THE 

Udono and Pramod  K Srivastava,  Dep t  of Pharmacology, Box 
1215, Mount  Sinai School of Medicine, New York, NY 10029 

G p 9 6  heat shock proteins (hsp) elicit tumor-specific protective 
immuni ty  to the tumor  from which they a r e  isolated but n o t  to 
other  t umors  (1,2). W e  demonstrate  that gp96 obtained from 
mmud liver and spleens of RALBlc does elicit protective 
immunity against Meth A and CMS5 sumo-. 

A s  h s p 9 0  has a l so  b e e n  s h o w n  t o  el ic i t  tumor-specif ic  
immuni ty  (31, we compared t h e  relat ive immunogenici ty  of 
hsp90 and gp96. It was  observed that hsp90 isolated fbm Meth 
A cells elicits tumor-specific immunity at a lower efficiency 
than gp96 : almost  ten fold more hsp90 than gp96 is required 
to  elicit immuni ty  to  comparable challenge with Meth  A cells. 

I n  o rde r  t o  exp la in  the specific immunogen ic i ty  of h s p s  
aga ins t  antigenically dis t inct  tumors ,  we  have  proposed that 
hsps  a c t  as chaperones of antigenic peptides (4). A s  hsp7O has 
been shown to bind pept ides  (5,6) we  immunized  mice wi th  
hsp70 from Meth  A and challenged mice with 80,000 Meth  A 
cells. I t  was  observed that hsp70 also elicits tumor-specific 
immuni t y .  T h e  immunogenici ty  of hsp7O is s ignif icant ly  
higher  t h a n  t h a t  of hsp90 and comparable to  that of gp96. 

T h e s e  observations suggest that hsps  encounter  pept ides  no t  
only in the lumen  of the ER, ( a s  in case of gp96). but also in 
o t h e r  cel lular  compartments .  The possible mechna i sms  of 
this e n c o u n t e r  as well  as t h e  ce l lu l a r  immuno log ica l  
circuitry which elicits specific protective tumor  immuni ty  i n  
response to  vaccination with hsps  will be discussed. 

1. Srivastava e t  al. 1986 PNAS 83,3407. Palladino e t  al. 1987 Cancer 
Res 47,5074.3. Ullrich et  al. 1986 PNAS 83,3121 4. Srivastava and 
Maki 1990 Curr Top Microbiol & Immunol. 167, 109 . 5. Pierce e t  aI. 
1990 Curr Top Micro Immun 67,83.6. Flynn 1989 Science 245,385. 

NZ 227 IL-12: A NOVEL T AND NK STIMULATORY FACTOR; 
IMPLICATIONS FOR CANCER IMMUNOTHERAPY. 

H.J.Zeh,III W. I. Storkus, M. Brunda', M. Gately, H. Tahara, 
M.T. Lotze. Dept of Surgery, University of Pittsburgh, Pittsburgh, PA 
15213, *Hohann-LaRoche, Nutley, NJ.. 071 10. 
IL-12 is a recently described heterodimeric cytokine able to cause the 
proliferation of activated T and NK cells. IL-12 is produced primarily 
by stimulated macrophages. Michael Bmnda and colleagues at 
Hohann-LaRoche have recently demonstrated a profound antitumor 
effect of IL-12. Studies are now underway in our laboratory to hener 
define IL-12's role in the antiNmOr response. Methods. PBMC isolated 
from normal volunteers were cultured for five days in the presence of 
high dose IL-2 (6oooulml), low dose IL-2 (120UlMI). or IL-12 
(12OUlML) added either at the initiation or at the end of the culture 
period. At the end of culture, cells were tested for their ability to 
proliferate and to lyse AK562 and Daudi. TlL's isolated from primary 
and metastatic melanoma lesions have also been examined for their ability 
to proliferate in the presence of IL-12. TlL's grown in IL-2 or a 
combination of IL-2 and IL-4 or IL-7 were placed in 96 well plates at a 
concentration of 5 x lo5 cellslml. After 49 hours of incubation in 
concentrations of IL-12 ranging from 0-lo00 unitslml the cells were 
pulsed with 0.5pCi of thymidine and incubated for an additional 24 
hours. Results. IL-12 was able to augment the LAK activity of PBMC 
preactivated with IL-2.3 LU3,/106 compared to 16 LU3,/106. IL-12 was 
also able to augment the LAK activity induced by low doses of IL-7. 
LAK activity in all cultures (TL-2, IL-7, IL-12, and combinations of the 
three) were inhibited between 40%-52% by TGF-8 at a concentration of 
5nglml. IL-12 was able to support IL-2 expanded TlL's derived from 
three patients with melanoma in a dose dependent manner e.g. TlL 1128 
S.I. =O at 0 Ulrnl; S.I.= 1.5 at 0.6 Ulml; S.I=3.4 at 1 .O Ulml; S.I. =30 
at 15 Ulml; S.I.=27 at 250 Ulml). We have also recently introduced 
each of the two genes encoding both chains @35,p40) of murine IL-12 
into the NIH 3T3 in order to examine its antitumor efficacy. 
Preliminary studies have indicated that the local secretion of IL-12 is able 
to inhibit the establishment of melanoma. Further studies are now 
underway in our lab in order to establish the most efficacious route of 
IL-12 administration. 
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h i m m e  Uiir-esl,orisi~,eiiesJ 
NZ300 IL-10 IS PRODUCED BY MELANOMA CELLS AND MAY HAVE A 

Qiyuan Chen*. Vincent Daniel+. Darryl W. Maher# and 
Peter Hersey*, *Immunology and Oncology Unit, Hater 
Misericordiae Hospital, DMCSB, Royal Newcastle Hospital, 
Newcastle, NSW 2300, and #Ludwig Institute for Cancer 
Research, PO Box Royal Melbourne Hospital, Melbourne, 
Victoria 3050. Australia. 
Previous studies have shown that IL-10 may modulate immune 
responses towards the humoral arm by inhibiting production 
of cytokines involved in cell mediated responses. This 
property of IL-10 has been implicated in the pathogenesis 
of certain infections and prompted us to examine its 
possible role in immunomodulation of immune responses 
against tumor cells. In the present studies it was found 
that mRNA to IL-10 could be demonstrated in 66% of melanoma 
cell lines by PCR analysis and in supernatants of a small 
proportion of the cell lines by Eliza assay. The mol. wt. 
of 35S labelled IL-10 secreted by melanoma cells was 
similar to that reported in previous studies. Both IL-10 
and supernatants from melanoma cell lines were found to 
inhibit TNF-a and IFN-Y production by PBA stimulated blood 
lymphocytes and these effects could be reversed in part by 
MAbs to IL-10. IL-10 and the melanoma cell supernatants 
also inhibited mixed lymphocyte cultures and interleukin-2 
production but although MAb to IL-10 partially reversed the 
effects of IL-10. they had no effect on the inhibitory 
effects of the supernatants. This suggested that other 
tumor derived inhibitors were involved. These studies show 
that IL-10 is detectable in the majority of cell lines 
established from melanoma and indicate that its production 
by these cells may be important in modulating immune 
responses against melanoma. 

ROLE IN IMMLTNOSUPPRESSION MEDIATED BY MELANOMA, 

~ 2 3 0 2  CD(-CDI+ CTL I w  mca mxrwa 4- 
Pettsr HMlund, Claen 6hl6n and Kles 
X&rro, Dpt of Tumorbloloqy, Karollneka 
Institute, 10401 Stockholm, Sweden. 

AUogeneic irradiated A/Sn spleen cells or PSlS tumor 
ah were injected into mice heterozygous(+ t /-) or 
hornozygous(apl-/-) for the 4 m  knock-out mutation 
Spleen cells were restimulated in an MLTC and used as 
effectors in a cytotox assay after 5 days. CXM-CDS' 
effector cells killing P81S and A/Sn Con A blasu were 
generated from 4 m  t 1- as wcll as the --/- mice. The 
C D 4 c D 8  effectors from !3p t /- showed the expected 
specificity for A/Sn or P815, whereas the CD4€DB* 
effectors from the Gpl-1- had a broader qeaficity, and 
aorueacted wirh targets expressing self H-2b with 4rn 
In untreated Gplt /- and --/- mice there is a 
population of CD4CD8 + cells. although very Mall in 
the latter (12% as detected by FACS). By day 5. after 
the in viuo ratimulatios this population can be 
wrpaaded by 5-10 fold. These results suggests that B s  - 
/- contain a small pool of CD8* CTL precursors that 
have been selected on I3.p free MHC heavy chains. 

wICpoQLQ.ULIM, Rlckerd Glas, 

NZ 301 T CELLS INFILTRATING RENAL CELL 

LYMPHOMAS ARE SELECTIVELY UNRESPONSIVE TO 
IL2 AND/OR ANTI-CD3, James H. Finke, Seiji Kudoh, 
Jeannine P. Alexander, Pat Rayman, Mark G. Edinger, 
Raymond R. Tubbs, Oscar F. Hidalgo, Eric Klein, Thomas A. 
Hamilton, and Ronald M. Bukowski. The Cleveland Clinic 
Foundation, Cleveland, OH 44195 
While some tumor infiltrating lymphocytes (TIL) are tumor 
reactive it appears tha t  a significant portion display a 
selective unresponsiveness. The proliferative and cytokine 
producing potential of TIL isolated from human renal cell 
carcinomas (RCC) and non-Hodgkins B cell lymphomas was 
compared to the  responsiveness of peripheral blood T 
lymphocytes. TIL from both tumor types displayed a poor 
proliferative response t o  IL2 (1000 U/ml) and cross-linked 
anti-CD3 antibody. The proliferative unresponsiveness of TIL 
was not due to shift in kinetics since the response of TIL was 
depressed on days 3, 6 and 9 of culture. The lack of 
proliferation by TIL was not due to decreases in IL2Rb or CD3 
surface expression. The induction of IL2Ra surface 
expression on TIL was depressed relative t o  peripheral T 
cells. However, the low expression of IL2Ra did not account 
for the proliferative unresponsiveness since TIL tha t  
expressed normal levels of IL2Ra did not proliferate. When 
compared to peripheral T cells the induction of IL2 and IFNy 
mRNA as  well as secreted product was normal in T cell 
derived from RCC. Thus, the unresponsiveness of TIL from 
RCC is selective. In contrast, the unresponsiveness of TIL 
from non-Hodgkins B cell lymphomas includes IL2 and IFNy 
gene expression. Following stimulation with anti-CD3 TIL 
did not express any mRNA for either IL2 or IFNU. These 
results suggest tha t  a significant portion of T cells in RCC 
and B cell lymphomas display a selective unresponsiveness 
and the degree of this altered state exhibited by TIL may vary 
depending on the tumor type. 

CARCINOMA AND NON-HODGKINS B CELL 

NZ303 PRODUCTION OF CYTOKINES BY MALIGNANT MELANOMA, 

Tam Nguyen. Immunology and Oncology Unit, David Maddison 
Building, Royal Newcastle Hospital, Newcastle, NSW 2 3 0 0 .  
Australia. 
Several previous reports have suggested that melanoma cells 
may produce cytokines known to be involved in immune 
responses. In view of this we have carried out "cytokine 
mapping" on mRNA from 16 melanoma cell lines using reverse 
transcription and PCR amplification. IL-la and IL-1I3 were 
detected in 6/17 and 718 primary melanoma and 1 1 8  and 3 1 8  
lines from metastatic melanoma. IL-6 and IL-8 were detected 
in 7 1 8  and 7 1 7  primary melanoma respectively and 2 1 6  and 
6 1 7  lines from metastatic melanoma. 4 1 6  primary and 015 
metastatic melanoma expressed mRNA for GM-CSF. 416 of 
metastatic melanoma but no primary melanoma expressed 
receptors for interleukin-2. Finally 418 primary melanoma 
and 618 metastatic melanoma were found to express mRNA for 
IL-10. mP.NAs for IL-2. IL-4. IL-5 and TNF-13 were not 
detected. It is evident from these results that melanoma 
cells produce a wide spectrum of different cytokines. that 
the ability to do so varies according to the stage of the 
disease, and that their production of cytokines has the 
potential to markedly influence the immune response against 
melanoma. In particular, IL-10 production from melanoma 
cells (not previously reported) may cause a qualitative 
change in the immune response to that of TH-2 or suppressor 
response. GM-CSF production on the other hand may result in 
the local accumulation of APC and favour tumor rejection, 
IL-8 and IL-6 may be growth factors for the tumor. Studies 
on the significance of these findings are continuing. 

Peter Hersey. Qiyuan Chen. Melanie Smith and 
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NZ 304 CYTOKINE EXPRESSION IN HUMAN RENAL CELL 
CARCINOMAS; LACK OF IL-2 EXPRESSION AND 

SELECTIVE EXPRESSION OF IL-10 MRNA IN TUMOR TISSUE. 
Rolf Kiessling, Hiroshi Nakagomi, Pave1 Pisa, Eva K. Pisa, 
Yasuyoshi Yamamoto, Eva Halapi, Karin Backlin and Claes Juhlin. 
Dept. of Immunology, Karolinska Institutet, Box 60400, 104 01 
Stockholm. Dept. of Surgery, Akademiska Hospital, 751 85 Uppsala. 
One of the key functional parameters of an immune response is the 
local production of cytokines. Using a PCR-assisted mRNA 
amplification assay, we assessed in renal cancer tissue the constitutive 
expression of interleukin-la (IL-la), interleukin-2 (IL-2), interleukin- 
3 (IL-3), interleukin-4 (IL-4). interleukin-6 (IL-6), interleukin-10 (IL- 
lo), tumor necrosis factor- (TNF-a), interferon-y (IFNy), 
granulocyte-macrophage colony stimulating factor (GM-CSF), and 
granulocyte colony stimulating factor (G-CSF). We compared the 
cytokine mRNA expression in freshly isolated samples of renal 
carcinomas, renal cancer cell lines established from the tumor 
samples, peripheral blood mononuclear cells (PBMC) and non-tumor 
kidney tissue isolated from the same patients. We found IL-10 mRNA 
expression only in the tumor samples, while renal cancer lines, PBMC 
and non-tumorous kidney tissue were devoid of this cytokine. One 
third of !he tumor samples but none of the normal kidney samples also 
expressed G-CSF. IL-6, T N F u  and I F N y  mRNA were expressed 
non-selectively in tumors, PBMC as well as in normal renal tissue. 
IL-2, IL-3 and IL-4 were not detected in any of the tissues analysed. 
Established renal cancer lines exhibited expression of IL-la ,  IL-6, 
TNF-u and GM-CSF. Culture of tumor-derived cells with anti-CD3 
monoclonal antibody resulted in expression of IL-2, IL-3 and IL-4 
mRNA. In contrast, none of these cytokines became expressed by 
culture in recombinant human IL-2 alone. These findings have 
important implications for the possible in vivo role of IL-10 as a 
suppressor of local anti-tumor response. 

NZ 306 IMMUNE CONTROL OF TUMOR GROWTH M SV40 T 
ANTIGEN TRANSGENIC MICE, Xuehai Ye. James 

McCarrick, Lorraine Jewea, Robert Riccardi, Roberto Weinman and 
Barbara Knowles. Ihe Wistar Institute, Philadelphia, PA19104 
Mice of RIP-Tag4 lineage express SV40 T antigen (SV40 Tag) uansgene 
exclusively in pancreatic @-cells. RIP-Tag4 mice are thought to be non- 
tolerant to SV40 Tag, presumably due to a delayed onset of transgene 
expression. Although the mice are fully capable of generating an active 
humoral or cellular response against the transgene product upon 
immunization with SV40 Tag, they all succumb to SV40 Tag-induced 
islet tumors at 8-10 months of age. We find that the turnor growth in RIP- 
Tag4 mice can be significantly delayed by immunization with SV40. 
However, immunization is only effective if the mice are exposed to SV40 
Tag prior to the time of endogenous expression. SV40 immunization of 
RIP-Tag2 mice, another transgenic lineage which express SV40 Tag 
neonatally in p-cells, showed little effect on tumor development. This 
finding suggests that tissue-specific unresponsiveness is induced upon 
endogenous expression. We also found that the levels of MHC class I 
antigen are. lower on insulinoma cells than normal p-cells. These tumor 
cells are poor targets for SV40 Tag-specific C T L s  but become good 
targets after treatment with IFN-7, suggesting that a selective advantage 
for decreased class I expression may also conwibute to the tumor 
progession. Taken together, our results suggest that SV40 Tag-induced 
islet tumors avoided active host immune response by a combined effect of 
inducing tissue-specific unresponsiveness and a passive selection of those 
tumor cells with lower levels of class I expression. To further investigate 
the regulatory mechanism of class I expression in islet tumors, a detailed 
molecular analysis was carried out on.several insulinoma cell lines 
derived from the tumor. We demonstrated that the expression is COntrokd 
at the uanscriptional level and, moreover, we showed that the suppression 
of class I expression is mediated by the loss of a certain transcriptional 
factor(s) that binds specifically to the R1 element of H-2 enhancer A. The 
same mechanism may also be responsible for the low level of class I 
expression in normal pcells. 

NZ 305 IMMUNE PRIVILEGE AND THE FAILED ELlhlINATION OF 
RETINOBLAnOMA BY SPECIFIC CYTOTOXIC T CELLS. 

Bruce R. Ksander. D.C. Geer, J.M. OBrien. D.M. Nben. andT.G. 
Murray, Depi of Ophthalmology. Univ of Wisconsin, Madison, WL, Depts 
of Immunology and Ophthalmol.. Univ of Miami, Miami. Florida 33101. 

The expiession of SV40 Tag within the retina of transgenic mice 
produces heritable retinoblastoma (Rb) with histological, uluastructural, 
and immunohistochemical features identical with human Rb. Transgenic 
mice are produced with Tag driven by the promoter of the luteinizing 
hormone P-subunit gene. Rb tumor cells. but not other tissues, express Tag 
mRNA by northern blot analysis. Tumors are first observed at 2 months of 
age. but  initial growth is monotonous and tumors do not fill the vitreous 
cavity until 5-6 months. Normally tumors derived from Tag uansgenes 
either. grow rapidly in Tag tolerant mice, or fail io grow in mice that 
induce specific cytotoxic T cells (Tc). By contrast, we have shown 
previously that tumors within immune privilege sites i n  the eye induce 
specific Tc, but the local microenvironment prevents Tc from eliminating 
tumors. Since Rb develops within the immunologically privileged 
subretinal space, we hypothesize that Rb induces specific Tc, but the 
immune privilege environment prevents Tc from eliminating tumors. 

To test this hypothesis, spleen cells (H-2b'd) were recovered from: 
(a) Rb mice, (b) Tag immunized mice (positive control), and (c) normal 
mice (negative control) and restimulated for 6 days in vitro with x- 
irradiated H-2b Tag+ fibroblasts. Lymphocytes were assayed for cytotoxic 
activity in a standard 4hr chromium release assay against several H-2b 
targets: (a) Tag+ cells. (b) Tag- cells. and (c) Rb tumor cells. As expected. 
spleen cells from Tag immunized mice lysed specifically Tag+ targets. 
Interestingly. Rb spleen cells were primed for a Tag specific Tc response 
and lysed Tag+. but not Tag- lagers. However, Rb tumor cells (mRNA 
Tag+) were not lvsed by lymphocytes recovered from either Rb. or Tag 
immunized mice. Tumor cells can escape Tc rccognition by either 
mutation of epitopes recognized by Tcr, and/or down-regulation of class I 
molecules. In support of the latter. we observed that Rb cells expnssed no 
H-2Kb (as detected by FACS analysis). Moreover. IFN-y treated Rb cells 
up-regulated H-2Kb and were lysed by Rb  and Tag primed lymphocytes. 
Our interpretation of these results is that immunogenic Rb cells induce 
specific Tc, however. the immunologically privileged environment within 
the eye prevents Tc from eliminating completely all tumor cells resulting 
in slow tumor growth. Under these conditions Tc select for class I 
deficient mutant Rb cells that form rapidly growing progressive tumors. 

Alioim/n~iniiy, Autoinvnunity and GVH 
NZ 307DISCREPANCY BETWEEN IN VWO AND IN VITRO 

ANTIGENIC RESPONSES OF CD8+, T 
LYMPHOCYTES IN TCR TRANSGENIC MICE, Beatrice 
Gaugler, Claire Langlet, Nathalie Auphan, Anne-Marie 
Schmitt-verhulst, Annick Guimezanes, Centre d 'hmunolo  ie 
INSERM-CNRS de Marseille-Luminy, Case 906, 1 3 A 8  
Marseille CCdej,9, FRANCE. 
Alloreactive, K -specific CTL clones, KBS.C20 and BM3.3 
which differ in their requirements for the CD8 co-receptor, 
recognige also different endogenous pe tides in association 
with K . Possibly related to .its low, &pendency on CDS, 
BM3.3 is able to reco nize it5 e tide in a crude pe tide 
extract while KB5.C2f needs' 8P#k fractionation o? the 
mixture. Taken together. these results indicate thabBM3.3 has 
a higher "affinity for cell surface expressed K molecules 
thanXBS.CZ0. 
Two lines of transgenic mice have been established, which 
express respectively the KBS.220 and B493.3 TCRs. In both 
Tg lines, the ma'ority of CD8 TCR-Tg matursT cells are 
cytolytic only ader in vitro stimulation with H-2 fx  ressing 
cells. CT& induction occurs in the absence of CD4 'h cells, 
and CD8 CXL secrete IL2. 
No anti-H-2 CTL activit was detected after in vivo 
immunization of KB5.C20 ?YCR T mice, in contrast to the 
cytolytic activity of T cells from Bd3 .3  TCR Tg or from non- 
transgenic mice immunized in the same conditions. 
lymphocytes from KB5.C20 TCR T mice injected with H-2 
cells are neither activated (lack, of pg I expression), .nor 
anergized since they respond in ~' i t ro  to I%-Zb stimulation in a 
manher similar to non-immunized KB5.C20 TCR Tg mice. 
These results will be discussed in terms of the I I I  vivo 
recognition of Kb-associated specific peptides recognized by 
each of the clone. 
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NZ 308 T CELL RECEPTOR BETA CHAIN VARIABLE 
REGION REPERTOIRES IN HUMAN ALLO- 

REACTIVE RESPONSES, Susan L. Hand, Bruce Lee Hall, and 
Olivera J.  Finn, Department of Molecular Genetics and 
Biochemistry, Universlty of Pittsburgh School of Medicine, 
Pittsburgh, PA 15261 
T cell recentor (TCR) beta chain variable region (VB) gene r , ,  ~ . . ~ ~ ~ ~ ~ ~  
repertoires utilized in specific alloresponses were analyzcd to 
determine whether particular Vp genes were selected. The primary 
focus was on alloresponses to class I1 HLA-DRl. Two sources of 
DRI-reactive cells were employed: T cells lines established from 
cells infiltrating rejecting human renal allografts, and mixed 
lymphocyte reactions (MLR) established using peripheral blood 
lymphocytes (PBL) from normal individuals. A semiquantitative, 
polymerase chain reaction (PCR) technique was used to analyze Vp 
repertoires. For the MLR, repertoire analysis was performed at a 
number of serial time points, and selection was observed with time 
in  virro. In the majority of cases, selection was for one or two 
predominant Vp which remained dominant for the duration of the 
culture. 

To determine the consistency of Vp selection in a given 
response, two separate sensitizations of one responder to the same 
DRI+ stimulator were established. Reproducibility was observed at 
the levels of DRI fine-specificity and TCR Vp usage. Moreover, 
both populations appeared to be predominated by T cells expressing 
identical TCR p-chains. MLR were established in which the same 
responder was paired with four different DRl+ stimulators. The 
identities of the Vp's used in responses to the same HLA molecule 
expressed on different cells was not predictable, but there did seem 
to be a preference for utilization of Vp with relatively high 
homologies. 

Vp repertoire heterogeneity of MLR was compared with that 
of renal allograft-derived T cell lines. Although the apparent 
heterogeneity of the two types of populations began at comparable 
levels, the Vp repertoires of graft-infiltrating cells became restricted 
more rapidly in virro. This suppons the concept that cells isolated 
from grafts contain previously activated populations of alloreactive T 
cells. 

NZ310 IL-7 INVOLVEMENT DURING THE ACUTE PERIOD POST 
ALLOGENEIC BONE MARROW TRANSPLANTATION. R.B. Levy, M. Jones, J. 
Paupe, 'Brian L. Hamilton and R. Riley. University of Miami School of Medicine, 
Miami, FL 33101. 'Children's Hospital, Oakland, CA 94609. 
Graft vs. host (GvH) induced immune dysfunctiorddisease (GvHD) are mapr 
complications following clinical allogeneic bone marrow transplantation (BMT). 
The precise cellular interadiondsignals occurring during the acute period post 
allogeneic BMT have not yet been dearly defined. We have been examining the 
events m;mir,g folbv:ir,g allagenet R!O.D2 (H-2d) BMT into lethlly irradiated 
BALWc (H-2') recipients and previously demonstrated the marked expansion of 
B10.D2 donor Tcells within 3-5 days post-transplant. Notably, as a result of the 
MIS endogenous superantigen disparity present in this combination, the majority 
of TcRa,P donor cells present after one week were Vp3 TcRt. Regardless of 
whether conventional ardor superantigens activate donor Tcells, lymphokines 
including IL-2 are likely to help drive and expand anti-host i.e. alloreactive 
populations. Since IL-7 is capable 01 inducing proliferation of alloantigen primed 
T-cells. we hypothesized that this molecule contributes to the alloreaction, i.e. 
GvHR occurring post-BMT. We observed that IL-7, as well as IL-2 was capable 
of inducing proliferation by Tcells from BMT recipients within 10 days of 
transplant. IL-7 induced proliferation was T-cell dependent and moreover, 
inhibitable by anti-IL-2, as well as anti-IL-7 mAb. Notably, IL-7 speaflc mRNA 
was found by PCR analysis in the spleens of allogeneic BMT recipients at this 
time. Interestingly, after induction of proliferation by IL-7 and 11-2, no IFNr 
could be detected in wkures of spleen cells from BMT recipients within one 
week of transplant. However, following TcR engagement with anti-CD3 or anti- 
Vp3 mAb. IFN-ysecretion was detected. Addition of IL-7, together with anti-VP 
mAb induced greater levels of IFNy secretion vs. anti-Vp3 mAb stimulation 
alone. In total. these findings demonstrate that IL-7 can 1) drive donor T-cell 
proliferation within two weeks post-allogeneic BMT and 2) together with anti-TcR 
ligation, induce the release of IFNy. Since IL-7 mRNA was also detected in the 
spleens of control BMT transplants presumably as a consequence 01 
lymphohematopoietic reconstitution, we propose that when alloreactive donor T- 
cells are also present following BMT, IL-7 can function as an important co- 
stimulator in the expanding donor anti-host, i.e. GvH alloreactive T-cells. 

NZ309 HUMAN CD8 TRPLNSGENE EXPRESSION ENHANCES 
RECOGNITION OF HLA CLASS I MOLECULES BY 

MURINE T CELLS: EXPERIMENTAL ANIMAL MODEL FOR 
HUMAN CLASS I ANTIGEN PRESENTATION, Drake LaFaCe, 
Mikael Vestberg, Rakesh srivastava, Young Yang, 
Linda Sherman and Per Peterson, Department of 
Immunology, The Scripps Research Institute, La 
Jolla, CA 92037. 
Primary in vitro immune responses to allogeneic 
class I MHC antigenic determinants are known to 
induce strong cytotoxic T-lymphocyte (CTL) 
reactivity. In contrast, reactivity to 
xenogeneic HLA class I antigens by mouse 
lymphocytes is negligible as murine CD8 interacts 
poorly with human MHC class I (HLA) . Therefore, 
we have produced several lines of transgenic mice 
expressing human CD8 accessory molecules to 
further reconstitute a human antigen presenting 
system in the mouse. Primary, in vitro cytotoxic 
T lymphocyte (CTL) responses to xenogeneic HLA 
class I antigenic determinants were utilized to 
assay the human CD8 transgene function. The 
expression of transgenic human CD8a or CD8a+p 
molecules resulted in a markedly enhanced 
capacity for mounting a specific xenogeneic 
response to HLA-A2.1 antigenic determinants, to 
a level comparable with allogeneic responses. 
Limiting dilution analysis indicated that the CTL 
precursor frequency of HLA-A2.1 specific 
responder cells was markedly increased in human 
CD8 transgenic mice. The results show that human 
CD8 enables murine T-cell receptors to 
efficiently recognize human MHC class I 
molecules. 
The human CD8 transgenic mice have been bred to 
HLA-A2, -B7 and -B27 transgenic mice to determine 
the ability of human CD8 to enhance tumor and 
viral antigen presentation by HLA restricting 
elements to murine T-cells. This experimental 
model will provide important insights for anti- 
tumor and anti-viral immunotherapy regimens. 

NZ 311 

D. Coppenhaven. University of Texas, M.D. Anderson Cancer 
Center, Science Park-Research Division, Smithville. Texas 
and University of Texas Medical Branch, Galveston, Texas 

To reverse uncontrolled cell growth using either murine 
transplanted tumors or retrovirus-induced proliferation murine 
models, we previously showed that both caloric restriction 
(60%) and an interferon inducer (polyinosine-cytosine) were 
required (Clin. Biotech. 3:39-45, 1991). Both agents appear 
to block energy utilization, one by removing substrates and 
the other by removing energy production (mitochondria1 
suppression). To ascertain if these agents could also reverse 
chronic inflammatory cell proliferation, these agents were 
given (for several weeks to NZB/NZW hybrid autoimmuna 
mice which accumulate massive numbers of chronic 
inflammatory cells in their renal glomerulae, with resultant 
proteinuria and early death due to renal failure. These 
treatments did eliminate the proteinurea and the hydropic 
tubular degeneration but did not remove the accumulated 
glomerular phegocytes (crecents). With return to ad lib 
feeding, the proteinuria and tubular swelling also return. 

These findings indicate that this type of antigrowth 
therapy is effective in vivo only in rapidly proliferating cells - 
cells which can express the tumor suppressor gene, p53, and 
activate apoptosis. 

UNCONTROLLED CELL PROLIFERATION AND 
ENERGY RESTRICTION. W.S. Lynn, S. Wilson and 
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N Z 3 1 2  DEVEIDFMENT OF A NOVEL CTL KlRILATION, 
Susan A. M c M h y  and Michael S. M a i n w a r i n g ,  

Departments of Surgery, and Molecular Genetics and 
Biochemistry, University of Pittsburgh Schml of 
Medicine, Pittsburgh, PA 15213 

ppulatlon of a+, but anti- resistant, MHC class I 
allospecific Cn. 
requirements in that their efficient generation in vitro 
requires multivalent cross-1- of cell surface C D ~  on 
their precursors by anti433 n?b. These CI'L are potent 
in vivo effectors that can mediate allograft rejection 
even in the absence of conventional, anti- sensitive 
mu. In the present study we demonstrate that a n t i a  
resistant PCryCI'L are detectable only in peripheral 
lyrrphoid tissues of adult mice, and not in the adult 
thymus. We found no evidence for a suppressive effect 
preventing the activation of such PCryCm, in the adult 
thymus, and no evidence that peripheral T helper cells 
and/or accessory cells could facilitate a thymic anti-a 
resistant CTL response in adult mice. 
indicate that anti- resistant PCrym are absent or 
functionally inactive in the adult thymus. In contrast, 
rn very young mice, anti-ca8 resistant PCrycX'L are 
readily detectable in the thymus, but not in the 
peripheral lymphoid tissue. These results indicate that 
the generation of anti-- resistant pcryCrr, is 
developmentally regulated. N e ~ n a t a l  thymic anti-cDs 
resistant pcTL m y  emigrate to the periphery as a cohort, 
leaving the adult thymus deficient in this T cell 
functional population. Alternatively, the neonatal 
thymic anti- resistant g!TL population m y  have a 
limited life span, and m y  be unrelated to the adult 
peripheral anti- resistant Pcm. population. 
case, adult peripheral anti- resistart p c n / C T L  m y  
represent either an extra-thymic T cell lineage or a 
post-thynic mturation stage. 
investigating these possibilities. 

We have previously identified a novel functional 

These CI'L have unusual activation 

These results 

In that 

We are currently 

NZ314ALTERATIONS I N  SIGNAL TRANSDUCTION MOLECULES I N  T 
LYMPHOCYTES FROM TUMOR-BEARING RICE, August0 C .  Ochoa, 
Hiromoto Mizoguchi, John J .  O'Shea, Cynthia M .  Loeff ler ,  
Dan L .  Longo, Cl inical  Services Program, PRI/DynCorp, and 
Biological Response Modifiers Program, National Cancer 
Ins t i t u t e -F rede r i ck  Cancer Research and Development 
Center,  Frederick,  MD 21702 
Impaired immune responses have been reported frequent ly  in 
cancer pa t i en t s  o r  in tumor-bearing mice, b u t  t h e  
mechanisms of the tumor-induced immune de fec t s  remain 
poorly understood. 
model (MCA-38). animals bearing tumor longer than 26 days 
develop C08t T c e l l s  with a marked impairment of cytotoxic  
funct ion,  decreased expression of t he  TNFu  and granzyme B 
genes and decreased a b i l i t y  t o  mediate an antitumor 
response in vivo. P ro l i f e ra t ion  and lymphokine production 
by CD4t 1 c e l l s  remained normal. 
tumor-bearing mice expressed T-cell  antigen receptors  
( T C R )  character ized by a reduction in the  CD3y chain and 
by the complete absence of the (-chain,  which was replaced 
by an Fcey-chain. 
tyrosine kinases pp56"' and pp59'" were markedly reduced. 
Thus, t he  switch in the  TCR isoform and t h e  a l t e r a t i o n s  in 
the l eve l s  o f  components of the signal t ransduct ion 
pathway could be the basis of immune de fec t s  in tumor- 
bearing hosts .  

I n  an in vivo murine colon carcinoma 

T lymphocytes from 

Additionally,  expression of t he  

NZ 313 SCLERODERMA WITH ANTI-TOPOISOMERASE I 
ANTIBODIES IS ASSOCIATED WITH AN HLA-DRwl 1 

ALLELE. Penelope A. Morel, Huang J .  Chang. Susan L. Saidman, 
David J. Tweardy and Thomas A. Medsger Jr. Dept. of Medicine, 
University of Pittsburgh School of Medicine, Plttsburgh PA 15213. 

Systemic sclerosis (SSc, scleroderma) is an autoimmune disease In 
which strong HLA associations have not been described. Anti-topa I 
antibodies are associated , in general, with SSc patients wlth diffuse 
cutaneous involvement, while anti-centromere antibodies (ACA) are 
found in individuals with limited cutaneous involvement. We have 
studied 38 SSc patients with anti-topo I antibodies, 27 with ACA 
and 38 SSc patients with neither antibody. DNA was extracted from 
peripheral blood lymphocytes and the DRBI, DQAl and DQBl 
genes were amplified using the polymerase chain reaction. 
Amplified products were analyzed by dot blot analysis using a panel 
of sequence specific oligonucleotide probes. A significant 
association was observed in the anti-top0 I positive patients with 
DRwl1 (p = 6 x RR 20.7). The disbibution of DRwl1 alleles 
in these. patients was significantly different from the controls and an 
increase. in the frequency of the DRBl*ll04 allele was observed 
No DR association was observed in the ACA positive group and the 
role of DQ in this form of SSc will be discussed. 

The top0 I protein has an area of homology with a retroviral 
p30gag protein and this region of the protein is recognized by sera 
from SSc patients. Top0 I protein has been purified and these 
preparations are being tested for their ability to stimulate T cells from 
SSc patients with auto antibodies to this protein. The significance of 
immune responsiveness to such proteins in autoimmunity will be 
discussed. 

N Z ~  ENGINEERING THE INFUSED T CELL CONTENT OF n u  
DISPARATE MARROW ALLOGRAFTS BY ELIJTRIATION TO 

PROMOTE GVL. R.Quinones, P.Dinndorf, A.Hinkle, B .  
Taylor, S.Karandish, N.Luban, G.Reaman. Children's 
National Medical Center and George Washington 
University, Washington, D.C. 20010. The graft 
versus leukemia (GVL) effect of allogeneic marrow 
transplantation does not directly correlate with 
the severity of graft versus host disease (GVHD). 
Altering the infused marrow's T cell content, 
either quantitatively or qualitatively may allow 
the separation of GVL from GVHD. We have developed 
an extended cycle elutriation (ECE) process, 
separating 2 3  logs of T cells from a stem Cell 
enriched fraction. Separated, unstimulated T cells 
can be: (1) directly added back to control the 
number of infused T cells or ( 2 )  fractionated 
and/or activated to become potential effectors of 
GVL. We have used ECE to control infused T cell 
content (7.5~10' T cells/kg) of HLA disparate marrow 
in order to promote GVL without severe GVHD in 15 
patients with refractory leukemia. In this group at 
high risk of severe GVHD, 7 had GVHD ( 6 . 5  grade 11; 
1, grade 111). Only 3 patients relapsed, each at 
very high risk of relapse. Other complications 
included infection (12), graft failure (1). and 
fatal lymphoproliferative disease (1). Actuarial 
disease free survival is 4 0 %  at 2 years (155 to 
1250 days, median 1020). our data show that in the 
setting of HLA disparate BMT, ECE allows controlled 
infusion of unfractionated T cells without severe 
GVHD. These infused T cells may mediate a GVL 
effect, as evidenced by a lower relapse rate in our 
patients compared to that reported for recipients 
of T cell depleted grafts. In preclinical stu$ieS,. 
we have enriched the T cell fraction for CD3 ,CD4 
,CD8- T cells, putative effectors of GVL, and shown 
them capable of activation. We demonstrate that ECE 
provides a system for clinical trials of 
engineering the infused T cell content Of 
extensively T cell depleted marrow to provide a GVL 
effect. 
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NZ316 EFFECT OF CALCITRIOL ON GVHD. By Abdus Salam, 
y.L:aer and PI. Vandcputte, Reea Institute,Minderbroe 
derstraat-lO,Lniversity of Leuven,B-3000,Leuven 
Be 1 gi um . 
The specific effector cells responsible for CVHD 

are still controversial. While alloreactive T cells are 
the prime mediator of G P H D ,  the role of other cells like 
NK cells have strongly been implicated especially in ac- 
ute GVW. The ex vivo or in vivo depletion of donor NK- 
cells by anti NK antibody is reported to have increased 
survival of nice undergoing mild to moderate GVHD. But- 
in vivo depletion of NR cells from recipient mice may 
also play an important protective role in GVHD. This iss- 
ue has been addressed here by looking at the influence 
of Calcitriol on GVHD in TBI treated mice. 

Calcitriol an active metabolite of Vit.D3 maintain 
s calcium homeostasis through Bone,Kidney and Intestine. 
It plays an important role as immuno modulator of NK cell 
function in vivo. The increased NK cells activity has 
been observeti at 24 &ti 46 i~uur's d i e r  CalciLriol admi- 
nistration in vivo though decreased NK cell function is 
found at 4 hour's after the same. The recipient F, mice 
(BalbiC X C57bl) are constructed by giving 950 rads total 
body irradiation and to which bone marrow of Balb/C is 
given.One group of recipient is injected with anti NK1.I 
antibody 1 . P  before being transplanted with BM from Balb/C 
which does not express NKI.1 marker specific for NK cells. 
The NK cell depleted group has been shown to have incre- 
ased survival than the non depleted control group. 

Gene Therapy of Tumors 
NZ 400 MECHANISM OF IMMUNE RESPONSE INDUCED BY 

Rajat Bannerji and Eli Gilboa, Program in Molecular 
Biology, Memorial Sloan-Kettering Cancer Center, New 
York, NY 10021. 
Intradermal injection of IL-2 or IFN-gamma gene 
modified CMS-5 tumor cells leads to rejection of the 
tumor and the induction of antitumor immunity, which 
correlates with the generation of tumor specific spleen 
derived CTLs. The role of T cells in rejection of the 
cytokine secreting tumor cells, and induction of immunity 
against a challenge with parental tumor cells was 
investigated in T cell deficient athymic nude mice. 
Unexpectedly, IL-2 secreting tumor cells failed to form 
tumors in nude mice suggesting that T cells d o  not 
participate in the rejection of the gene modified tumor 
cells. Immunodepletion studies in immunocompetent 
mice have shown that neither T cell subset is important 
in the elimination of cytokine secreting tumor cells. 
However, both CD4 and CD8 T cells are required at the 
time of immunization for the induction of immunity and 
at the time of challenge for rejection of the tumor. 
Immunohistochemical studies have shown that no T cells 
are present at the site of immunization, although, as  
expected, they did infiltrate the site of tumor challenge. 
NK cells infiltrated the IL-2 secreting tumor and 
macrophages infiltrated the IFN-gamma secreting tumor. 
Implications to the mechanism of CTL induction will be 
presented .  

CYTOKINE GENE MODIFIED C M S J  TUMOR CELLS, 

NZ 317 CONTRIBUTION OF CD4', CDS', AND NKl.1' CELLS TO 
ANTILEUKEMIA (GVL) AND ANTIHOST (GVH) REACTIONS 
AFTER ALLOGENEIC BONE MARROW TRANSPLANTATION, 
Robert L. Truitt, Cathleen M. McCabe, Michael B. Weiler, and Bryon 
D. Johnson, Medical College of Wisconsin, Milwaukee, WI 53226 
The antileukemia or graft-vs-leukemia (GVL) effect associated with 
allogeneic hone marrow transplantation (BMT) is a dramatic example 
of immunologic reactivity against neoplastic disease. I t  is critical that 
we understand the cells involved and how they interact in  order to 
successfully manipulate the reaction. Using mouse models, we have 
shown that multiple T-cell and non-T-cell effector systems are involved 
in the GVL effect. Some, but not all, contribute to the graft-vs-host 
(GVH) syndrome. In recent studies, we have used monoclonal 
antibodies to deplete donor populations, singly or in combination, in 
order to examine the contribution and interaction of donor CD4', 
CD8', and NK1.1' cells after BMT in MHC-matched [BlO.BR-AKR] 
and haplotype mismatched [SJL+(SJLxAKR)F,] donor-host 
combinations. Host mice were conditioned with lethal total body 
irradiation (11 Gy). The severity of GVH disease was CD4-dose- 
dependent, and complete depletion of CD4' donor T-cells eliminated 
GVH disease. In contrast, the effect of CD8-T-cell-depletion on 
clinical GVH disease was modest with little survival advantage. For 
optimal GVL reactivity (against acute T-cell leukemia/lymphoma of 
AKR origin), both CD4 and CD8 T-cells were required; however, 
GVH disease was more severe when both T-cell subsets were present 
in the transplant inoculum. Donor-derived NKl.1' cells contributed 
to the pathologic manifestations of GVH disease after MHC-matched 
BMT. but did not contribute significantly to the GVL effect. Recent 
studies on combined depletion of donor lymphoid subsets suggest that 
NK1.1' donor cells suppress the beneficial GVL effect attributed to 
CD8' T-cells. NK1.l-associated immunosuppression was dependent 
on the coadministration of CD4' T-cells. These results impact upon 
the design of clinical strategies to prevent or modulate GVH disease, 
especially by T-cell-subset-depletion, without loss of the beneficial 
antileukemia response. 

NZ401 GENE THERAPY OF HELANOMA: CHARACTERIZATION 
OF RECURRENT MELANOMA FROM MICE TREATED W I T B  

AN IL-2-SECRETING ALLOGENEIC CELL CONSTRUCT THAT 
EXPRESSES MELANOMA ASSOCIATED ANTIGENS, Edward P. 
C o h e n , l  Tae  Sung K i m 1  and Mary K. L .  C o l l i n s Z  
l u n i v e r s i t y  o f  I l l i n o i s  C o l l e g e  o f  M e d i c i n e ,  
C h i c a g o ,  I L  60680 a n d  Z I n s t i t u t e  o f  C a n c e r  
Research,  London, SW3 6JB, UK 
The s u r v i v a l  o f  C57BL/6 mice ( R - Z b )  b e a r i n g  
e s t a b l i s h e d  B16 melanomas (H-2b) was pro longed  i f  
t h e  a n i m a l s  w e r e  treated w i t h  a n  I L - 2 - s e c r e t i n g  
cel l  c o n s t r u c t  t h a t  e x p r e s s e d  melanoma associated 
a n t i g e n s  a l o n g  w i t h  a l l o g e n e i c  c l a s s  1 
d e t e r m i n a n t s  (H-2k). The a l l o g e n e i c  c o n s t r u c t  w a s  
p r e p a r e d  by t r a n s f e c t i n g  LN mouse f i b r o b l a s t s  (H- 
2k)  w i t h  genomic DNA from B16 cells, f o l l o w e d  by 
t r a n s d u c t i o n  o f  melanoma a n t i g e n - p o s i t i v e  
t r a n s f e c t e d  c e l l s  w i t h  a r e t r o v i r a l  v e c t o r  
c a r r y i n g  t h e  gene f o r  IL-2 .  The I L - 2 - s e c r e t i n g  
c o n s t r u c t  w a s  non t u m o r i g e n i c  i n  H-2b mice: 
however, tumors  i n v a r i a b l y  formed i n  mice i n j e c t e d  
w i t h  v i a b l e  I L - 2 - s e c r e t i n g  B16 cells .  R e c u r r e n t  
t u m o r s  i n  m i c e  treated w i t h  t h e  a l l o g e n e i c  c e l l  
c o n s t r u c t  w e r e  melanomas t h a t  were r e s i s t a n t  t o  
f u r t h e r  immunotherapy w i t h  t h e  same c o n s t r u c t  used 
i n i t i a l l y .  The r e c u r r e n t  t u m o r s  were s e n s i t i v e  t o  
immune e f f e c t o r  cel ls  f rom mice  immunized w i t h  
c o n s t r u c t s  t h a t  d i f f e r e d  i n  i m m u n o g e n i c  
p r o p e r t i e s ,  as d e t e r m i n e d  by b o t h  i n  v i v o  and i n  
v i t r o  d e t e r m i n a t i o n s  o f  a n t i  melanoma immunity.  
A n t i  melanoma c y t o t o x i c i t y  i n  mice immunized w i t h  
t h e  a l l o g e n e i c  c o n s t r u c t  was mediated by CD8 and 
NK e f f e c t o r  cells. Low MHC a n t i g e n - e x p r e s s i n g  
v a r i a n t s  o f  B16 ce l l s  w e r e  detected i n  t h e  
p o p u l a t i o n  o f  r e s i s t a n t  ce l l s ;  t h e y  w e r e  
r e s p o n s i v e  t o  t r e a t m e n t  w i t h  in te r fe ron-gamma.  
The u s e  of t r a n s f e c t i o n - c o m p e t e n t  a l l o g e n e i c  cells 
t h a t  form c y t o k i n e s  raises t h e  p o s s i b i l i t y  t h a t  a 
u n i v e r s a l  r e c i p i e n t  cell  c o n s t r u c t  can  be p r e p a r e d  
f o r  t u m r  therapy .  Supported by EES CA55651. 
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NZ402 ASSESSIVG THE EFFICACY O F  TUMOR CELLS. 
E'iGINEERED TO SECRETE CYTOKINES. AS ANTI- 

TIICIOR L'ACCIVES. jlary K.L. Collins. Poulam M. Patel. Claudia 
1. F-lemming. Gary Bo\* and Suzanne A. Eccle\'. Section of Cell 
and 3loleccilar Biology arid 'Section of I m m u n o l o ~ .  Institute of 
C':incrr Research. Chester Bearty Laboratories. 237 Fulham Road. 
1 . ~ 1 i i i i ~ 1 1 1  Sly.? OJB. U.K. 
Retro\iral \ emi r \  Iiaw been u\ed to obtain deriiatives of the 
murini'. tran\plantabie fihrowconia FS2Y \\hich wcrete lL2, IL4 or 
8 IF\. c'! tohine-\ecreting tiimor cell. sho\ved considerably reduced 
:iimor!gnicitb in syngeneic animal.. Immunization of syngeneic mice 
\ i i t h  cells wcreting IL.4 or TlFN protected animals against delayed 
i.hallenye u i t h  iinmotlified FS20 tumor cells. The hoqt cells which 
in \  ;i&d c!rohine-secreting tumors have been characterised and will 
Ihe dfwrihed. Thi\ suggested that patient tumor cells, obtained from 
ri.\ected tumor miiterial and engineered to secrete cytokines, might 
be u\ed ;I\ ii taccine t o  protect patients from recurrent disease. The 
tsa,ihilit! of t h i \  apprtioch har  been assesied using a second tumor. 
t!ie r;it fihro\arcoma HSS.  \\hich has a high incidence of metastasis 
i o  ttir Iixer. Rat\. from which a primary HSh tumor had been 
e\ciwd. were injected \\ i t h  l ive cytiikine-secreting cells. These 
; i n i r i i a I ~  \ho\vr.d Ggnificantl! reduced incidence of metastasis 
cirmpar~d t o  animal\ ivhich received irradiated parental or cytokine- 
\ m e t i n g  rumor cell\. The implication\ of these data for potential 
liumafi thrrap! \\ill he di\cu\seil. 

NZ404 DECREASED TUMORIGENICITY OF MURINE NEURO- 
BLASTOMA AFTER RETROVIRAL-MEDIATED IL-2 

GENE TRANSFER AND EXPRESSION. Emmanuel Katsanis, Paul J. 
Orchard, Maria A. Bausero, Keith. B. Gorden, R. Scott McIvor and Bruce 
R. Blazar, Department of Pediamcs, Institute of Human Genetics and the 
Department of Laboratory Medicine and Pathology. University of 
Minnesota, Mineapolis, MN 55455. 
To examine the influence of localized IL-2 production on tumorigenicity 
of murine neuroblastoma, neuro-2a cells were transduced with the 
retroviral vector LIL-2SN. Two (3418 resistant sublines, N-2a/c3 
(2.5fl.4 U/mV106 cellsR4 h) and N-2a/c2 (44.628.8 U/ml), were studied 
as representative low and high IL-2 producers. Retroperitoneal (r.p.) 
injection of lo6 control neo R virus transduced, N-Za/LN cells. into 
syngeneic A/J mice invariably led to death of all animals (median 
survival time [MST]=27 days). Mice receiving N-2dc3 cells had 
prolonged survival (MST=39 days; p<O.OOl), but all died of progressive 
disease. The survival of mice inoculated with N-2dc2 was smkingly 
improved (MST=166 days; p<O.OOl). Depletion of asialo G M ~ +  cells 
increased mortality for both N-2a/c3 and N-2a/c2 lines (p<O.OOl), 
compared to untreated mice. indicating that asialo G M ~ +  cells play a major 
role in vivo in eliminating 1L-2 producing neum2a cells. We evaluated 
whether IL-2 secretion by N-2dc2 conferred a systemic and/or local anti- 
tumor effect on mice receiving N-2aA.N cells injected at a distance or at 
the same site. Inoculation of lo5 N-2afLN cells into the left flank led to 
death of all mice (MST=48 days). Concurrent injection of l@, lo6. or 
107 N-2aJc2 cells into the contralateral or l@ cells to the ipsilateral flank 
did not delay tumor progression, while cc-injection of lo6 N-Wc2 cells 
at the same site delayed time to death (p<O.OOl). Furthermore, 
immunization with N-Wc2 cells failed to elicit a protective immunity to 
challenge with parental tumor cells. N-2aJc2 tumors were isolated from 
r.p. inoculated mice dying between days 70-85. These cells remained 
(3418 resistant but had decreased production of IL-2 (5-11 U / d )  
compared with the N-2dc2 line propagated in v i m  during the same 
period (49 U/ml). Southern blot analysis of emerging tumors revealed an 
intact proviral structure with consistent 5' and 3' flanking regions that 
varied from that of the N-2a/c2 line. The N-2dc2 line was therefore 
composed of 2 clones, one of which expressed low levels of IL-2 and was 
positively selected in  vivo. These data indicate that endogenous IL-2 
production in the vicinity of the emerging tumor results in a dose 
dependent anti-tumor protective effect. In neurc-2a cells which express 
low levels of MHC class I molecules on their surface, these effects appcar 
to be mediated primarily by asialo G M ~ +  cells. 

NZ 403 

DISTINCT CYTOLYTIC ANTI-TUMOR RESPONSES 

THE EFFECT OF TUMOR CLASS I MAC 
EXPRESSION ON THE GENERATION OF TWO 

Hyam I. Levitsky and Drew M. Pardoll, Deparimeni of Oncology, 
Johns Hopkins University School of Medicine, Baltimore, MD. 

Previous studies using murine tumor models have shown that significant 
tumor specific immunity can he generated by tumor vaccines engineered 
to secrete various cytokines. Of over ten cytokines tested, GM-CSF 
production by tumor vaccine stands out as the most effective 
tumorkytohnc combination for the induction of long lived immunologic 
rejection of a systemic tumor challenge. This rejection is largely 
mediated by tumor specific. MHC class I restricted CD8+ cytoxic T 
cells (CTL). Consequently. immunologic selective pressure for tumor 
loss of class I MHC molecules would be expected to result in the failure 
of cytolytic recognition by CDR+ CiL resulting in tumor outgrowth. 
This prediction was tested using an MHC class I negative variant of the 
B16 melanoma, known as B78HI. This tumor has no detectable surface 
staining of MHC class I molecules by FACS analysis. and expression is 
not inducible by gamma-interferon treatment. The genes for murine 
MHC class I molecules (Db and Kb) were introduced by transfection 
and positive polyclonal populations were obtained by cell sorting. Class 
I positive and negative vaccines were then created by retroviral 
transduction with a vector encoding for GM-CSF. Surprisingly, mice 
were able to reject a class I negative tumor challenge. but only if 
vaccinated with class I negative, GM-CSF producing vaccine. If MHC 
class I positive, GM-CSF producing vaccine was used, protection 
against the class I negative challenge was lost, although mice so 
vaccinated were still protected against the class I posiiive challenge. In 
vivo lymphocyte subset depletion experiments demonstrated that while 
the response to both class I positive and negative challenges required the 
presence of CD4+ helper T cells, the rejection of class I positive 
challenge was dependent on CD8+ T cells, while the rejection of the 
class I negative tumor was dependent on NKI+cells. Both of these 
cytolytic effector cells could be generated when the vaccine displayed no 
class I MHC expression. whereas only the class I resuicted. CD8+ 
response occured when the vaccine was class I positive, suggesting 
inhibition of NK cell activation by class I positive vaccine. Finally. 
depletion of NK1+ cells prior to a class I positive challenge occasionally 
resulted in outgrowth of tumor that had lost MHC class I expression, 
funher suggesting that these cells function as a safeguard against this 
mechanism of tumor evasion of immunologic recognition. 

NZ 405EXPRESSION OF IL3 BY TUMORS ENHANCES 

CELL DEPENDENT MECHANISM 

E. Lord, A. McAdam, B. Pulaski. E. Hutter, S. Biggar, and J. Frelinger. 
Cancer Center, University of Rochester School of Medicine and 
Dentisny, 601 Elmwood Avenue, Rochester, NY 14642 

W e  have investigated the effects of JL-3, a cytokine involved in 
maturation of hematopoetic cells. on generation of immune effectors 
capable of killing tumors. By expressing cytokines within the tumor the 
concentration of cytokine is highest at the site of the tumor challenge. 
The tumor we have used, line 1, expresses low levels of class I, but can 
be induced to high levels by treatment with interferons. This allows us 
to specifically assess CTZ against the NmOr, by testing effectors against 
class I low and class I high l i e  1. We have made line 1 transfectants that 
express IL-3 or IL2. Both IL3 or IL-2 enhance rejection of the tumors. 

To determine the lytic potential of the T cells developed early in 
the rejection of the c y t o h e  expressing tumors, we extracted Tumor 
Infiluating Lymphocytes (TIL) from the tumors using paramagntic 
beads and antibodies to Thy 1. TLL from line 1 tumors uansfected with 
either IL-3 or IL-2 expression vectors show a dramatically enhanced 
CTL nsponse. to untransfected parental line 1 when compared to TILs 
isolated from parental tumors. IL-2, but not IL-3, expression by the 
tumors enhanced the killing of YAC-1 cells. To investigate the cells 
required for generation of cytotoxic effectors, mice were depleted of 
CD4 or CD8 cells by treatment with monoclonal antibodies. CD8 
depletion eliminated the cytotoxic effectors in all cases. Interestingly, 
CD4 depletion abrogated the IL-3 mediated CI'L response, but not the 
L 2  mediated response. These results strongly suggest that IL-3, unlike 
L-2, works w genemtc CIZ by a mechanism which requires CD4 cells. 

As line 1 expresses low levels of class I in vitro, we wished to 
determine if the IL3 and IL-2 rransfectcd tumors were induced to 
express high class I in vivo. To investigate this, we recovered line 1 
cells, or the cytokine expressing tine 1 cells, from tumors growing in 
vivo. As determined by flow cytometry, the tumor cells from the 
parental tumors, and the IL-2 or IL-3 transfectants all express high class 
I. This is consistent with the role of (7Iz in the rejection of the line 1 
expressing IL-2 or IL-3. Furthermore. we have used PCR to 
demonstrate that interferon-gamma is detectable in the IL-3, but not 
parental tumors, suggesting that T cells play a role in the induction of 
class I in the IL-3 expressing tumors. 

DEVELOPMENT OF TUMOR REACI?VE CTL BY A CD4 
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NZ406 ENHANCED EXPRESSION OF MHC MOLECULES A N D  
STIMULATION OF AUTOLOGOUS TUMOR INFILTRATING 

LYMPHOCYTES FOLLOWING TRANSDUCTION OF MELANOMA CELLS 
WITH IFN-y GENES, Masahiro Ogasawara and Steven A. Rosenberg, 
Surgery Branch, NCI. NIH. Bethesda. M D  20892 

Gene Therapy for cancer is being tested in clinical trials by 
using tumor infiltrating lymphocytes (TIL) or tumor cells modified 
by the insertion of genes coding for IL-2 or TNF-a. In the present 
study, we investigated the feasibility of transducing human tumor 
cells with genes coding for IFN-y or IFN-a. which are two other 
cytokines that can enhance host antitumor immune responses. 

Tumor cells from twelve melanoma and two renal cell 
carcinoma patients were transduced with IFN-y retroviral vectors. 
In both IFN-y secreting and non-secreting tumor lines, the cell 
surface expression of HLA class I and class II molecules increased 
following transduction. However the magnitude of the increase in 
MHC expression appeared to be greater in tumor lines secreting IFN- 
y. Northern blot analysis showed IFN-y transcripts only in IFN-y 
transduced cells. The amount of RNA transcribed correlated roughly 
with IFN-y secretion. 

Two melanoma cell lines were successfully transduced with 
an IFN-a retroviral vector. Melanoma cells transduced with the IFN- 
a gene transcribed IFN-a RNA and secreted large amounts of IFN-a. 
In contrast to cells transduced with the IFN-y gene, the expression of 
H U  class II molecules was not increased in IFN-a -transduced cells. 

Finally, we tested the ability of HLA.DR+ melanoma cells, 
which had been transduced with the IFN-y gene, to stimulate specific 
cytokine release by autologous CD 4+ TIL. Both GM-CSF and IFN-y 
were secreted when the lymphocytes and tumor cells were cultured 
together but not when they were cultured alone or with control tumor 
cells. These results suggest that the HU.DR molecules newly 
expressed on the transduced cells promoted antigen presentation and T 
Cell responses against the transduced tumor cells. The insertion of 
IFN-y genes into melanoma cells may be useful either for active 
immunization against melanoma or for the generation of TIL to be used 
in adOptive immunotherapy. 

NZ 408 EXPRESSION OF SYNGENEIC MHC CLASS II GENES IN 
MELANOMA CELLS INHIBITS METASTATIC DISEASE. 

S .  Ostrand-Rosenberg and Noelle Patterson, Dept. of Biology, 
University of Maryland, Baltimore, MD 21228. 
Previous studies have established that transfection of syngeneic MHC 
class I1 genes into constitutively class 11- mouse sarcoma cells produces 
an immunogenic tumor (MIAk) which is rejected by the autologous 
host, and which effectively immunizes the host against a challenge of 
wild type class 11- tumor. We have hypothesized that the SaI/A' 
transfectants induce protective immunity because they function as antigen 
presenting cells (APC) for endogenously synthesized tumor peptides, and 
thereby stimulate tumor-specific T, cells, by-passing the need for 
professional APC. In the present study we demonstrate that 
immunization with MHC class I1 gene transfected tumor also protects the 
autologous host against subsequent metastatic disease. The C3H-derived 
( H - 2 )  K1735 melanoma gives high levels of spontaneous (subcutaneous 
inoculation) and experimental (intravenous inoculation) metastastases in 
syngeneic C3H mice. In order to test the protective potential of MHC 
class II+ K1735 cells, wild type K1735 tumor cells were transfected with 
syngeneic A t ,  A: MHC class I1 genes, and/or neoR gene, and 3 clones 
expressing high levels of I-Ak molecules selected (K1735/Akclones). At 
tumor doses ranging from I d  to 5 X I d  i.v., the class II+ transfectants 
give 5-10 fold fewer lung metastases than their wildtype class 11- or neoR 
alone counterparts. C3H mice inoculated subcutaneously with class II+ 
K1735 cells have significantly lower frequencies of primary tumors and 
spontaneous metastases, as compared to mice receiving wild type K1735 
inocula. We have also tested the ability of K1735/Ak cells to immunize 
against wild type tumor. Autologous C3H mice immunized with fixed 
class Il+ K1735 cells and challenged i.p. 1-3 months later with wild type 
K1735 tumor have greatly reduced primary tumor growth and 
spontaneous metastasis formation relative to naive, unimmunized 
recipients. These studies indicate that transfection and expression of 
syngeneic MHC class I1 genes significantly reduces the metastatic 
potential of a mouse melanoma, and provides an immunization stategy 
for protecting against subsequent metastatic disease. 

NZ407 RETROVIRAL MEDIATED GENE TRANSFER OF IL-2 
DECREASES TUMORIGENICITY IN MURINE B CELL 

LYMPHOMA. Orchard P.J.l.z, Katsanis E.', Gorden K.I. May C.I, 
McIvor R.S.2 and Blazar B.R.1.2 1Deparment of Pediatrics, Division 
of Bone Marrow Tramplantation and *lnstirute of Human Generics, 
Department of Loboratory Medicine and Pathology, Universiv of 
Minnesota, 55455 
The potential to increase immune responsiveness against otherwise 
minimally immunogenic malignancies by the transfer of cytokine 
genes into tumor cells has been of great interest. We have examined 
the effect of endogenous production of Interleukin-2 (IL-2) on BDL-2. 
a murine B cell lineage lymphoma, by transducing BDL-2 with a 
retrovirus (LIL2SN) we have constructed containing the human F - 2  
cDNA under transcriptional regulation of the Moloney long t e m a l  
repeat, the SV40 internal promoter and the neomycin 
phosphotransferase gene. BDL-2 clones Uansduced with LIL2SN 
were isolated by limiting dilution in G-418, and have been shown to 
secrete 0.2 - 88.5 U IL-2/106cells/mL/24 hours (mean 29.5 U / d )  by 
ELISA. No changes in phenotype (MHC class 1, CD2, CD5. B220, 
ICAM- 1 or surface IgG) or variation in the rate of proliferation were 
observed following retroviral transduction and expression of IL-2. 
Intravenous (iv) or inmperitoneal (ip) injections of this IL-2 secreting 
BDL-2 clone in syngeneic Balb/c mice resulted in significantly 
increased median survival time (MST) when compared to controls (p< 
0.03 and p< 0.001, respectively). Immunization with irradiated IL-2 
secreting tumor cells subcutaneously (sc) resulted in enhanced survival 
(p< 0.0002) following live tumor challenge with the parental BDL-2 
line 14 days later. In a minimal residual disease model, iv injection of 
lo5 BDL-2 cells followed on day 12 by sc administration of 107 
irradiated IL-2 secreting cells resulted in  a significant (p< 0.01) 
improvement in MST. In vitro "Cr release assays demonstrated 
sensitivity of BDL-2 to both natural killer (NK) populations and 
activated cytotoxic T cells. In vivo depletions of CD4+ cells (RL 172 
antibody) CD8+ cells (2.43) and NK cells (anti-asialo GMl'i were 
performed. Depletion of CD8+ and NK cells resulted in decreased 
survival in mice inoculated with IL-2 secreting tumor cells iv, 
compared to controls and to mice depleted of CD4+ cells. This 
implicates both cytotoxic T cells and NK cells as important i n  the 
resistance of Balb/c mice to a 11-2 secreting BDL-2 tumor line in vivo. 

NZ409 THE RETROVIRAL VECTOR MFG ALLOWS H I G H  
EFFICIENCY TRANSDUCTION OF HUMAN 

PROSTATE CANCER CELLS: IMPLICATIONS FOR GENE 
THERAPY OF PROSTATE CANCER. M a r t i n  G .  Sanda ,  
S u j a t h a  A y y a g a r i ,  L i z  J a f f e e ,  D r e w  M .  P a r d o l l ,  
R i c h a r d  C. M u l l i g a n ,  and  J o n a t h a n  W .  S imons ,  
Oncology C e n t e r  and  Brady U r o l o g i c a l  
I n s t i t u t e ,  J o h n s  Hopkins  H o s p i t a l ,  B a l t i m o r e ,  
M D ,  a n d  t h e  Whitehead I n s t i t u t e ,  MIT, 
Cambridge, MA. 
W e  a d d r e s s e d  t h e  f e a s i b i l i t y  o f  g e n e  t h e r a p y  
f o r  human p r o s t a t e  c a n c e r  u s i n g  MFG, a n  
a m p h o t r o p h i c  and  r e p l i c a t i o n  d e f e c t i v e  
r e t r o v i r a l  v e c t o r  l a c k i n g  t h e  g a g ,  p o l ,  and  
env  g e n e s .  F i r s t ,  c o n d i t i o n s  o p t i m i z i n g  
t r a n s d u c t i o n  e f f i c i e n c y  u s i n g  MFG-lac2 
( c o n t a i n i n g  t h e  g e n e  e n c o d i n g  beta- 
g a l a c t o s i d a s e )  were i d e n t i f i e d  w i t h  
t r a n s d u c t i o n  o f  f o u r  l o n g  term human pros ta t ic  
adenocarc inoma ce l l  l i n e s .  DEAE-dextran d o s e  
and  v i r u s - t a r g e t  c o i n c u b a t i o n  t i t r a t i o n  
d e m o n s t r a t e d  optimum t r a n s d u c t i o n  e f f i c i e n c y  
a t  80ug/ml of DEAE-Dextran w i t h  5 h o u r s  of  
t a rge t  e x p o s u r e  t o  v i r a l  s u p e r n a t a n t .  Us ing  
t h e s e  c o n d i t i o n s ,  21-82% t r a n s d u c t i o n  
e f f i c i e n c y  w a s  a c h i e v e d .  W e  t h e n  u s e d  these 
c o n d i t i o n s  t o  t r a n s d u c e  p r o s t a t e  c a n c e r  cells 
f r o m  p a t i e n t s  u n d e r g o i n g  r a d i c a l  
p r o s t a t e c t o m y .  C u l t u r e d  cells  d e r i v e d  f r o m  
s u r g i c a l  s p e c i m e n s  w e r e  c o n f i r m e d  t o  be o f  
p r o s t a t i c  e p i t h e l i a l  o r i g i n  by immuno- 
h i s t o c h e m i c a l  d e t e c t i o n  o f  l u m h a r  e p i t h e l i u m  
s p e c i f i c  c y t o k e r a t i n  18, and  by d e t e c t i o n  of 
Prostate  S p e c i f i c  A n t i g e n  (PSA) s e c r e t i o n  by 
t h e s e  cells .  200 - 300 f o l d  e x p a n s i o n  was 
a c h i e v e d  i n  v i t r o  p r i o r  t o  s e n e s c e n c e  of 
c u l t u r e d  cells .  E f f i c i e n t  t r a n s d u c t i o n  by MFG- 
l a c 2  o f  s u c h  p r i m a r y  c u l t u r e  p ros ta te  c a n c e r  
cel ls  f rom 7 c o n s e c u t i v e  p a t i e n t s  ( t r a n s -  
d u c t i o n  e f f i c i e n c y  r a n g e ,  4.3% t o  50%; median,  
15.2%) d e m o n s t r a t e s  t h e  f e a s i b i l i t y  o f  u s i n g  
MFG i n  g e n e t i c  t h e r a p y  f o r  p r o s t a t e  c a n c e r .  
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NZ 410 TRANSFER AND EXPRESSION OF THE HUMAN 
INTERLEUKIN-4 GENE INTO PRIMARY STROMAL 

AND CARCINOMA CELLS FROM LUNG CANCER PATIENTS, 
Jill M. Siegfried', Jay D. Hunt', Barbara A. Pippin', Rodney J. 
Landernead, William F. Jacobs3, and Michael T. Lotze*, 
Departments of 'Pharmacology and 'Surgery, University of 
Pittsburgh, Pittsburgh, PA 15261 and 3Genetic Therapy, Inc., 
Gaithersburg, MD 20878. Transfer of an expression vector for 
the interleukin-4 (IL-4) gene into cells derived from human 
tumor tissue provides a means of generating a custom tumor 
vaccine. A vaccine could be produced by transducing tumor- 
derived stromal cells with the IL-4 vector, and co-injecting tumor 
cells with these stromal cells, or by transducing the tumor cells 
themselves. Tumor cells, though difiicult to culture, would 
provide a permanent source of L-4 producing cells, stromal cells, 
though of limited lifespan, are more readily and rapidly 
attainable. We have developed a protocol for culturing cells from 
non-small cell lung tumors by using a combination of a growth 
factor-rich conditioned medium and a feeder layer of murine 
embryonic fibroblasts. We have produced tumor cultures from 
25% of non-small cell tumors, and stromal cultures from over 
80% of specimens. Several of these cultures were used for 
transduction by the retroviral vector GlNaSVi4.25, containing 
the human IL-4 cDNA driven by the SV40 promoter, and the 
G418-resistance gene driven by a retroviral LTR. Infection of 
cells by viral titers of 2-5 x 10' PFU/ml yielded transfer 
efficiencies of 3.3 to 32.0 transfectants per 10' cells in 6 of 8 
attempts. Successful transfers were performed with tumor cells 
derived from a squamous cell carcinoma, a adeno-squamous 
carcinoma, and stromal cultures from 4 other lung tumors, 
including a melanoma metastatic to the lung. Following 
selection by (2418, IL-4 producing cells were isolated. IL-4 titers 
exceeded 50 U per ml in a 24 h r  collection. Transfer of the IL-4 
gene was demonstrated by PCR amplification from reverse- 
transcribed RNA, followed by Southern blotting with a cloned 
human IL-4 sequence to confirm hybridization. Gene transfers 
were performed between 18 and 60 days after acquisition for 
stromal cells and within 150 days for tumor cells. We are 
attempting transfers within 60 days for tumor cells. 

NZ412 TUMOR DERIVED IL-2 PREVENTS NON- 
RESPONSIVENESS TO A MURINE FIBROSARCOMA, 

Karen S. Zier, Silvia Salvadori, and Bernd 
Gansbacher, Departments of Medicine and 
Microbiology, The Mount Sinai School of Medicine, 
New York, N.Y. 10021. 
We made retroviral constructs containing IL-2 
cDNA. Infection of CMS5 fibrosarcoma cells and 
selection in G418  resulted in the isolation of 
clones of tumor cells which produced IL-2. 
Whereas in vivo injection of parental tumor cells 
resulted in progressive tumor growth, tumor cells 
secreting high levels of IL-2 were rejected. 
Furthermore, the immunosuppression associated 
with the inoculation of parental tumor cells was 
not seen. In order to study the basis for the 
development of non-responsiveness to parental 
tumor cells we analyzed the mechanisms which 
influence cell mediated anti-tumor responses. 
First, our results indicated that immunization 
with IL-2 secreting tumor cells resulted in the 
generation of an IL-2 responsive population not 
seen in tumor bearing animals. Second, 
functional studies demonstrated that the 
proliferation of spleen cells from immune animals 
could be inhibited by restimulation with parental 
CMS5 cells. This suppression was not due to cell 
death and could not be transferred by culture 
supernatants, suggesting that cell to cell 
contact might be required. In contrast, there 
was vigorous proliferation to IL-2 secreting CMS5 
cells. Third, although in vitro culture of 
spleen cells from immune animals without tumor 
cells yielded potent effector cells, 
restimulation with parental tumor cells resulted 
in decreased lysis. These results are consistent 
with the hypothesis that antigen presentation by 
tumor cells unable to provide required secondary 
signals inhibit T cell responses by inducing 
anergy. A source of local IL-2 enables CTL 
activation and prevents non-responsiveness. 

NZ411 CYTOKINE-TRANSFECTED 3T3 FIBROBIASTS INHIBIT THE 
PROGRESSION OF HURINE RENAL CANCER. Robert H. 

Wiltrout', Kristin L. Komschlies', Jose L. Franco', Eilene 
Gruys', Timothy T. Back', Drew M. Pardol13. Laura C. Post:, 
and Robert G .  Fenton'. 'Biological Response Modifiers 
Program and 'BCDP, PRI/DynCorp. NCI-Frederick Cancer Research 
and Development Center, Frederick, MD 21702, and 3The 
Department of Medicine, Johns Hopkins University, Baltimore, 
MD 21205. 
Several recent studies have shown that mouse tumors that have 
been engineered to produce XU are rejected. Because the use 
of autologous cytokine-producing tumors in humans may prove 
logistically difficult, we are studying the ability of 
cytokine-transfected fibroblasts to mediate anti-tumor 
effects. Previous studies (Golumbek et al., Science 254:713, 
1991) have shown that the injection of XU-transfected murine 
renal cancer (Rema) induced the rejection of wild-type Renca 
(Renca/WT) . Our studies confirm that observation and 
demonstrate that IU-transfected BALB/c 3T3 fibroblasts 
(3T3/IL4) also mediate anti-tumor effects against R e n c a w  
in vivo. Specifically, the subcutaneous (sc) co-injection 
of lo6 3T3/IU or IL4-secreting Renca (Renca/IU) cells with 
l o 5  Renca/WT cells resulted in 100% and 8 5 %  tumor-free 
survival, respectively, as compared to 8-20% survival in 
normal mice injected with RencapT or with Rencap'I plus 
normal 3T3 cells. Rechallenge of the tumor-free survivors 
with Renca/WT cells resulted in the tumor-free survival of 
100% and 67% of mice that initially received 3T3/IL4 and 
Renca/IU cells admixed with RencapT, respectively. These 
results suggest the induction of systemic immunity. Further, 
the repeated sc or ip administration of Renca/IU reduces the 
number of experimental Renca/WT pulmonary metastases by 50- 
90%. Preliminary studies suggest that 3T3/IL4 has similar 
effects. The repeated administration of Renca/lU to mice 
bearing advanced R e n c a m  extended survival from 30 days to 
about 56 days. Thus, these results demonstrate that systemic 
effects can be induced by both Renca/ILA cells and 3T3/IL& 
fibroblasts, and suggest that cytokine-secreting fibroblast 
lines may circumvent some of the logistical and ethical 
considerations of gene therapy by cytokine-producing 
autologous tumor cells. 

MHC Unrestricted Effector Cells 
NZ413 SPECIFIC RECOGNITION AND REJECTION O F  

C57BL/6J MICE. Guillermo Alfaro, Gabriel Nava and 
Emma VerBstegui. Departamento de Inmunologia, 
Instituto de lnvestigaciones Biombdicas UNAM. Mbxico 
04510, D.F., Mexico. 

Lack of expression of products of the MHC (H-2) In the 
cell line LR.4 is the consequence of deletions located 
in B2m and IAP. and extensively methylated class I 
genes. LR.4 cells grew and killed different Inbred 
strains of mice: BALB.b (H-2b), BALBlc and DBAl2 
( H - 2 d ) ,  and BALB.k and C3H (H-2k). H o w e v e r ,  
C56BL16J (H-2b) mice grew and rejected the tumor in > 
99% of the cases. Southern blots using DNA probes 
specific for the a, P and 7 subunits of the TcR and for 
1Ea or IEp demonstrated that these were not the 
antigens involved in the rejection of the malignant 
cells. Furthermore, animals which rejected the tumor 
developed a protective and specific immune response. 
Immunization with thymocytes from BALE. b also 
induced a protective immune response against LR.4 
cells; however, differences between the two types of 
immune response were detected based upon the 
patterns of reactivity of the antibodies which were 
induced. Since class I and class II molecules are 
required for antigen presentation, it is likely that the 
antigen(s) responsible for this phenomenon In 
C57BL/6J mice belong to a group of membrane 
proteins which are expressed in normal and In 
malignant cells. Finally, it should be mention that old 
mice (87 weeks old) failed to reject the tumor and to 
develop a protective immune response. 

THE H-2 DEFICIENT CELL LINE LR.4 BY 
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NZ414 THE BETA SCRCNIT OF RlITOCHONDRlAL l l +  
TRANSPORTING ATP SYNTHASE: TChlOR COUNTER 
RECEPTOR FOR N A I V E  N K  CELL nlEDlATED 

CYTOTOSICITY. Ballabh Das. Rlary Rlondragon. hlinoo Sadeghian. 
Shi-Then Tho and Allen Norin. Departments of Medicine and 
Anatom? & Cell Biology. SUNY Health Science Center Brooklyn. 
N e w  York 11 2 0 3  
The process by which cytolytic lymphocytes destroy target cells 
IS not completel> understood. In previous studies we used a direct 
cellular adsorption approach to identify a protein of approximately 
51.5 KD on the KSfi2 surface as a potential target structure 
for N K  cell mediated cytolysis. The purified 51.S KD protein 
bound to and competetively inhibited the killing of the KS62 
cell line b! freshly isolated lymphocytes. N-terminal amino 
acid sequence analysis of this purified protein revealed 1 0 0 %  
homology with the beta subunit of mitochondria1 H+ transporting 
.4TP synthase. The purified 51.5 KD K S 6 2  protein reacted (on 
western blots) with antiserum against the ATP synthase of rat 
liver mitochondria and also with antibodies against a synthetic 
peptide corresponding to  the ATP binding site. Human 
erythrocytes, lymphocytes and the K S 6 2  cell line were incubated 
with the latter antiserum and then subjected to indirect flow 
cytometry analysis. A strong fluorescent signal was obtained 
only with the K S 6 2  cell line (about 9096 positive cells). 
Erythrocytes were negative and lymphocytes showed a weak 
signal (about 5% positive). These results clearly demonstrate 
expression of the beta subunit of H +  transporting ATP synthase 
on the surface of K S 6 2  cells. "Cr labelled KS62 target cells 
were incubated with various dilutions of the anti peptide serum 
and then incubated with freshly isolated human lymphocytes. 
Concentration dependent inhibition of N K  cytotoxicity was 
observed with 1 0 0 %  blockage of killing a t  1:20 dilution of antibody 
(effector target ratio, 2 5 : l ) .  These results demonstrate for the 
first time that the beta subunit of mitochondria1 H+ transporting 
ATP synthase is expressed on the surface of tumor cells and 
that this molecule serves in an important adhesion andfor 
triggering capacity for N K  cell mediated cytotoxicity. (Supported 
by USPHS grant CA47548).  

NZ416 HLA-B7 VARIANTS WITH PEPTIDE BINDING 
GROOVE MUTATIONS FAIL TO INHIBIT HUMAN 
PERIPHERAL BLOOD NATURAL KILLER CELLS 

CT Lutz, ZB Kurago and KD Smith, Departments of 
Pathology, Oral Pathology, and Microbiology, 
University of Iowa, Iowa City, IA 52242 
Natural killer (NK) cells lyse hematopoietic 

target cells that express little or no MHC class 
I. We are systematically testing how well 
transfected HLA-B7 variant molecules protect 
HLA-A,B,C-negative 721.221 human B lymphoblast 
from NK lysis. 721.221 transfectants were 
tested with freshly isolated peripheral blood 
mononuclear cells from several HLA typed donors 
in a standard 5 hour 2 C r  release assay. NK 
killing was compared with killing by cloned 
alloreactive cytolytic T lymphocytes (CTL). 
Compared with vector only controls, transfected 
wild-type HLA-B7 protected 721.221 targets from 
NK killing by 40-60% . Three out of four HLA-B7 
variants with mutations pointing up in the 
putative T cell receptor contact site protected 
721.221 from NK killing, equivalent to wild-type 
HLA-B7. Likewise, none of these mutations in up 
pointing HLA-B7 residues affected most 
alloreactive CTL clones. In contrast, many HLA- 
B7 peptide binding groove variants did not 
protect against NK lysis. Nonprotective 
variants had mutations in B pocket residues 9, 
63, 66 and in D/E pocket residues 114 and 156. 
Likewise, these peptide binding groove variants 
were not recognized by most ( 2  6 of 7) 
alloreactive CTL clones. All variants were 
killed by some CTL, indicating that HLA-B7 
structure was not globally disrupted by the 
mutations tested. As measured by a panel of 
mAb, levels of Cell surface HLA-B7 varied little 
and did not correlate with protection from NK 
killing. This suggests that both NK cells and 
CTL recognize specific peptide/MHC complexes. 

NZ 415ROLE OF THE al/a2 DOMAIN IN THE IN VIVO NK 

Margareta Waldenstrom and KJas K&e, Department of Tumor 
Biology, Karolinska Institute, Box 60 400, S-104 01 Stockholm, 
Sweden 

We have previously shown that introduction of an allogeneic MHC 
class I gene @d) into the germline of C57Bb6 (B6) mice (Kb, Db) 
brin s about a redefinition of the in vivo NK cell repertoire A panel of 

rejected by NK cells in the H-2Dd transgenic strain DX. The rejection 
could be abrogated by transfection of the lymphoma cells with the Dd 
gene, a finding consistent with the "missing self" hypothesis for NK 
mediated rejection of H-2 deficient or mismatched grafts. We have 
now started an analysis of which part of the Dd molecule that was 
responsible for the protection from elimination in the DX strain, This 
was tested by grafting lymphoma cells transfected with chimeric H-2 
genes. The results indicated that the al/a2 domains ofDd is necessary 
for protection, while the a3 domain in association with the a l / d  
domains of a non-protective H-2 molecule (Ld) did not protect from 
elimination by DX NK cells. 

RESPONSE TO LYMPHOMA GRAFTS, Petter Hoglund. 

H-2 % lymphomas the grew readily in the syngeneic strain @6), was 

NZ417 HSP72 - An Antigenic Detelminnnt 
For Non-MHC Restricted CytoIoxic Effector 

Cells. Gabriele Multhoff, Clam Botzler, Marion Wiesnet, Markus 
Essler and Rolf D. Issels, Institiit fur Klinische Hamatologie der 
GSF, Marchioninistr. 25, D-8000 Miinchen 70, Germany. 

We established an in vitro model to study the immunological 
effects of heat exposure upon human malignant cells. 
Interestingly, we detected a positive surface staining of heat- 
shock-protein 72 (HSP72) on heat treated Ewing's Sarconia (ES) 
cells, on osteosarcoma cells, on PEL of patients suffering from 
acute leucemia and on HEK 293 cells, transformed with the EIA 
sequence of adenovirus, using HSP72 specific monoclonal 
antibodies. In contrast, PBL of healthy human blood donors or 
EBV transformed B-LCL did not show any surface expression of 
HSP72 after heat  treatment. The MHC class I expression of  the 
inalignant cells was decreased after heat shock, whereas that of 
PEL of healthy human blood aonors was not influenced. We 
could also demonstrate that CD8+ and CDS7+ NK-like effector 
cells can recognize an antigenic HSP72 epitope on the surface of 
malignant cells after heat  shock. The specificity of these effector 
cells was defined in  a Cell Mediated Lympholysis-assay (CML) 
using either untreated or heat treated ES cells, K562 cells and B- 
LCL as target cells. The effector cells showed strong lysis of heat 
treated ES cells and K562 cells, whereas the lysis of untreated ES 
cells and B-LCL was weak. By the use of HSP72 specific mAb 
for blocking experiments, the lysis of heat treated ES cells was 
inhibited, whereas MHC class 1 (W6/32) or HLA DR (L243) 
specific inAb had no influence on the, lysis pattern of ES cells, 
Our results strongly suggest a role for a heat inducible HSP72 
rpitope on human malignant cells acting as an antigenic 
determinant for CD8+/CD57+ NK-like effector cells. 

122 



Cellular Immunity and the Lmmunotherapy of Cancer 

N2418 A 3R.SKD TURlOR PROTEIN IS A CNIQUE RECOGNITION 
STRUCTURE FOR N A I V E  H U R l A N  N K  CELLS. Allen 
J. Norin. Ballahh Das, Mary Rlondragon. Rlinoo Sadeghian. 

%-%hen Tao. Departments of Rledicine and Anatomy & Cell 
Rlology. SUNY Health Science Center. Brooklyn. New York 1 1 2 0 3  
N K  celis provide spontaneous defense against some types of 
neoplastic cells and virus infected cells. Although a number of 
tumor surface molecules have been reported that may play a 
role in N K  cell mediated cytotoxicity. no receptor-counter 
receptor pair has been identified that is specific to this cell 
to cell interaction. The objective of this study was to identify 
a unique tumor membrane proteink) (TMP) that binds to N K  
cell surface receptork). For this purpose a new technique was 
developed which utilized a direct adsoprtion method where 
biotin-labelled solubilized TMP from K562 cells were reacted 
with viable lymphocytes. Specifically adsorbed ThlP were eluted 
anrl analvzed hv SDS-PAGE and western blot. CD3+,5+ ,16- (T 
cells) and CD3- CDS- CD16' ( N K  cells) enriched subpopulations 
of lymphocytes were obtained by fractionating unstimulated 
periperhal blood lymphocytes with immunomagnetic beads. These 
fractionated cells were incubated with biotinylated K562 TMP 
i n  RPNl 1640  medium with 15% fetal bovine serum (to block 
nonspecific protein adsorption). Washed cells were solubilized 
and hound K 5 6 2  proteins identified on western blots. Of 
approximately 20 adsorbed K562 proteins, a 38.5KD band hound 
specifically to NK cells whereas a 46KD protein bound specifically 
to T-cells. K562 38.5KD protein was purified to  apparent 
homegeneity by preparative PAGE and further studied in functional 
anc binding assays. The purified 38.5 K D  protein bound exclusively 
to N K  cells compared to  T cells. Furthermore, the soluble 38.5KD 
K 5 6 2  protein inhibited N K  cell mediated cytotoxicity in a 
concentration dependent manner. Control K562 membrane proteins 
of 4lKD and 80KD were purified by the same techniques. Neither 
of these proteins bound to lymphocytes nor blocked N K  cell 
activity. Amino acid sequence analysis of two internal peptides 
indicate that the 38.5 K D  K562 is a novel molecule. Initial studies 
suggest that the N K  cell receptor of the 3 8 . 5  K D  K562 protein 
is a molecule of 72KD. These studies demonstrate the involvement 
of 8 unique pair of counter receptor-receptor proteins in naive 
N K  cell cytotoxicity. (Supported by USPHS grant CA47548). 

N Z 4 1 9  CHARACTERIZATION OF NOVEL GENES 
EXPRESSED IN NK CELLS, RP Schall, CA Dahl, TP 

Leary, OH Wesly, RB Herberman and PM Sondel, Dept of Human 
Oncology, Univ of WI, Madison, WI 53719 and Pittsburgh Cancer 
Institute, Pittsburgh, PA 15213 
A number of laboratories have sought to describe molecules selectlvely 
expressed in human NK cells likely to be involved in  determining NK 
phenotype and function, and to aid in the understanding of non-MHC 
restncted killing of tumor cell targets. We have utilized subtractive 
hybridization and differential screening of an NK derived cDNA library 
to identify mRNA transcripts for genes preferentially expressed in NK 
cells. Several rounds of screening for cDNA clones which did not 
hybridize with B cell-derived cDNA, but bound subtracted NK-spec~fic 
probe narrowed our focus to 41 cDNA sequences preferentially expressed 
in NK cells. We next began to characterize the expression of the these 
transcripts in different cell types at various levels of activation. Of the 
eight clones examined to date, four show interesting patterns of expression 
by Northern analysis. These transcripts are highly expressed in NK and 
LAK cells, are not expressed in B cells, and show low levels or lack of 
expression in bulk-stimulated T cell populations. Preliminary evidence 
will be discussed showing expression patterns of these genes (by Northern 
analysis and recently developed PCR assays) in functionally characterized 
clones from PBLs. 
DNA sequence information of these newly identified cDNA clones will be 
presented. Three of these genes are known to be novel (no significant 
homology with any known gene within Genbank), with interesting regions 
of local homology which may prove important in their function. 
Preliminary sequence information indicates that one clone, NK12, has 
homology to the 3' untranslated region of a zinc finger DNA binding 
protein, Egr-2 (early growth response gene). NK14 has been cloned into 
a eucaryotic expression vector and transfected into an osteosarcoma cell 
line to yield NK14 transcription. 
These studies have led us to the elucidation of four novel transcripts 
preferentially expressed in NK cells, and work is proceeding to address 
the function of these genes. 

N Z  420 Abstract Withdrawn 
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NZ500VV MUC.1 IMMUNIZATION OF MICE : IMMUNE 
RESPONSE AND PROTECTION AGAINST GROWTH OF 
MURINE TUMOURS BEARING THE MUC.l ANTIGEN. 
R. Bruce Acres. 'Mara Hareuveni, Jean-Marc Balloul and Marie- 
Paule Kieny, Transgene SA, 67082 Strasbourg, France. * Department 
of Cell Research and Immunology. Tel Aviv University, Tel Aviv, 
Israel. 
MUC.1 is a mucin found on the apical surfaces of some normal 
mammalian mucin secreting cells. It is characterized by h a w  
glycosylation and a 20 amino acid tandem repeat segment. In most 
cases of human breast adenocarcinoma this antigen is over expressed. 
Moreover, abnormal glycosylation exposes a novel peptide epitope 
within the tandem repeat, such that antibodies to this epitope can 
distinguish normal from malignant adenocarcinoma breast tissue. We 
have constructed a vaccinia virus (W) which cames the cDNA for 
the MUC.l antigen. Murine and human cells infected with this virus 
express the MUC.1 molecule, with 2-3 tandem repeats per molecule 
and with the tumour specific epitope exposed. 
Mice immunized with this virus produce antibodies which recognize 
MUC.1 both outside the tandem repeat, within the tandem repeat and 
the tumour specific epitope. Some DTH type response has been 
observed but no MUC.l specific CTL response has been found. 
Tumourogenic P815 (DBA) and 3T3 (Balb/c) cells have been 
hansfected with MUC.1. Thuty per cent of DBA mice immunized 
with W MUC.l are protected from growth of P815. MUC.l 
tumours when implanted with Id cells. Immunized Balb/c mice 
show a late development of transfected 3T3 tumour cells at a similar 
frequency. Mice transgenic for the MUC.l antigen have been 
constructed and are being evaluated for immune response to MUC.1 
and protection against tumour growth. 

NZ 502 IMMUNIZATION WITH GP96 HEAT SHOCK PROT- 
EINS ISOLATED FROM TUMORS OR INFLUENZA 

VIRUS TNFECTED CELLS ELICITSMHC RESTRICTED, 
ANTIGEN - SPECIFIC CYTOTOXIC T LYMPHOCYTES 
AGAINST THE CORRESPONDING CELLS I ANTIGENS, 
Nathalie E Blachere and Pramod K Srivastava, Department 
of Pharmacology, Box 1215, Mount Sinai School of Medicine, 
New York, NY 10029 

Immunization of mice with gp96 elicits protection against a 
challenge with the tumor from which gp96 is isolated but not 
another tumor (I). Gp96 preparations isolated from normal 
tissues do not elicit protective immunity against any tumors 
tested (2). However, this specificity of immunogenicity of gp96 
does reside in the DNA sequence or glycosylation of gp96. 
In light of our  demonstration that gp96 is a heat shock protein 
(hsp) and that some hsps are known to bind peptides we have 
proposed (3) that gp96 acts as a chaperonin for peptides, 
which confer on i t  the specificity of its immunogenicity. 
Further, as gp96 molecules reside largely in the endoplasmic 
reticulum (ER), we suggested (3) tha t  it acts as a peptide- 
acceptor i n  the ER lumen, and that it may be accessory to 
charging of MHC class I with peptides. 

We show here that immunization of mice with gp96 isolated 
from the UV-induced C3HHeN sarcoma 6138 elicits class I - 
restricted, tumor-specific CTLs against the 6138 sarcoma. 
Further, as we suggested a general peptide-chaperoning role 
for gp96, we have tested our hypothesis in a non-tumor model. 
Influenza-specific CTLs can be generated from spleens of 
mice immunized with gp96 obtained from influenza (PR8) - 
infected cells or cells transfected with the NP gene of the 
influenza virus. These observations support our hypothesis 
and suggest a general method for eliciting T cell immunity 
against tumors and infectious diseases. 

1. Snvastava et al. 1986 PNAS 03,3407.2. Udono et al. see abstract 
this meeting. 3. Srivastava and Maki 1990 Curr Top M i m b i o l &  
Immunol. 167,109 

NZ 501 

Jerry A. Bash, Department of Medical Laboratory Sciences, 
Florida International University, Miami, FL 33199 

Vaccinia virus has been shown to augment the immunogenicity 
of  a variety of tumors. 
(IL-2) secreted by vaccinia-specific T helper cells mediates 
the expansion of tumor-specific helper and cytolytic T cells 
is supported by the demonstration that exogenous IL-2 can 
replace vaccinia priming in augmentation of anti-tumor resp- 
onses. To confirm that IL-2 secreted in the microenviron- 
ment of tumor cell recognition can augment host immunity, a 
recombinant vaccina virus (vCF13) containing and expressing 
the gene for human IL-2 was used to infect murine colon aden- 
ocarcinoma cell lines f o r  use as viable tumor cell vaccines. 
Balb/c derived tumor cell lines CT26 and CA51 were infected 
with either vCF13 o r  the transfection COntKOl strain vTFCLZ 
lacking the IL-2 gene (recombinant vaccinia provided by B. 
Moss, NIAID) at low multiplicity of infection for 2 4  hours. 
The expression of the IL-2 gene was confirmed by ELISA and 
CTLL-2 bioassay of vCF13-infected tunor cell supernatants. 
Viable vaccina-infected tumor cells were injected subcutan- 
eously (lo5 cells) at two weekly intervals followed a week 
lat r by a subcuaneous challenge with uninfected tunor cells 
(10 ). vCF13-infected CA51 immunized mice were refractory to 
uninfected CA51 challenge and demonstrated CA51 specific CTL 
activity in peripheral blood. vCF13-CT26 vaccines failed to 
protect against CT26 challenge, however, due to rapid and 
severe lymphopenia and cachexia induced by CT26 challenge. 
Intralesional infection of CT26 tumors induced rapid regres- 
sion and reversal of disease but with no lasting immunity. 
These data provide both support for the potential utility of 
recombinant vaccinia/IL-2 in tumor immunotherapy as well as 
the possible limitations of this approach in imunosuppressed 
hosts. 

This work was partially supported by a grant from the 
American Cancer Society, Florida Division, Inc. 

RECOPBINANT VACCINIA/IL-2-INFECTED TUMOR CELL VACCINE 
I N  IMMLiNOTHERAPY OF WRINE COLON mENOCARCINOMA, 

The hypothesis that interleukin-2 

5 

NZ 503 MECHANISMS OF INDUCTION OF PRIMARY 
CYTOTOXIC T LYMPHOCYTE RESPONSES, 

Marloes L.H. De Bruijn, John D. Nieland, Ton N.M. 
Schumacher, Hidde L. Ploegh, Comelis J.M. Melief, Michael 
Jackson and Per A. Peterson, Department of Immunology, 
The Scripps Research Institute, La Jolla, CA 92037 

Dendritic cells and RMA-S cells are good inducers of CTL 
responses by single in v i m  stimulation. The ability to obtain 
primary CTZ responses makes it possible to test MHC-binding 
peptides functionally and entirely in v i m  to identify potentla1 
vaccine candidates. Both dendritic cells and RMA-S cells can 
present antigenic peptides to generate primary specific CTL 
responses without the need for T helper cells or the addition of 
exogenous IL-2. Rapid antigen-independent aggregation of 
dendritic cells with unprimed T cells and high expression of 
relevant MHC/peptide complexes on RMA-S are characteristics 
apparently important in the initial contact with unprimed T 
lymphocytes. CD8 and LFA-I molecules are involved in the 
activation of specific (7Iz in these primary responses induced by 
dendritic cells or RMA-S cells. 
Integration of multiple signals influences differentiation and 
effector function of T lymphocytes. The B7 molecule is 
considered to be an important costimulator in the activation of T 
lymphocytes. Next to activated B cells, only dendritic cells 
express considerable amounts of B7. Possibly, there is a role for 
B7 in the efficient antigen-presenting function of dendritic cells. 
Work is in progress to investigate the contribution of B7 in the 
induction of primary CTL responses. 
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J. D Fontenot', Nieves Domenechl. Dawen Bul, Nico Tjandra2, Chien 
Ho2 and Olivera J. Finn'. Department of Molecular Genetics and 
B:ochemistry. University of Pittsburgh. School of Medicine, and the 
Department of Biological Sciences, Carnegie Mellon University, 
Plttsburgh PA. 15216 

The human breast and pancreatic tumor antigen encoded by the human 
mucin muc- 1 gene contains a highly glycosylated tandem repeat domain. 
In tumor cells, aberrant glycosylation results in the exposure of the 
tandem repeat protein core throughout the cell surface. The repetitive 
domain consists of a 20 amino acid sequence rich in proline. threonine, 
senne and glycine. The protein core was thought to be random coil and 
to derive it, structure from the addition of carbohydrates to threonine 
and senne residues. However, mucin specific, murine and human 
antibodies. and T-cell clones have been identified which react with 
mucin in  a manner that implies that a specific 3-dimensional structure is 
being recognized. 

We prepared synthetic peptides corresponding to one, two, three, 
four, and five tandem repeats of the muc-l repetitive domain. One and 
two-dimensional IH-NMR correlation spectroscopy (COSY) studies 
indicate that the muc-1 protein core is not in a random-coil secondary 
structure. and that long-lived amide protons are protected in D20. 
Increasing spectral complexity in the region of the p-protons of D2 and 
1-115 reveals that structural changes are occurring as the number of 
repeats increases. The greatest changes occur when the number of 
repents increases from one to two. The circular dichroism spectra of the 
20. 60 and 105 amino acid pepndes is dominated by proline in the I ~ D N  
conformation. Intrinsic vitcosity measurements indicate that a folded 
structure present in solution is rod-shaped. These results are all 
consistent with formation a poly-proline p-cum helix form of secondary 
suucture by the muc- 1 tandem repeat domain. 

lmmunogenicity studies in mice with peptides corresponding to one 
or five tandem repeats reveal a dependence on the suucture of the 
immunizing peptide for antibody production, T-cell proliferation, and 
( T I -  production. The tnformation gained from these studies should be 
imponant for designing therapeutic vaccines for breast and pancreatic 
cancer. 

SIRUCTURE AND IMMUNOGENICITY OF 'IlE 
HU.MAN MUCIN MUC-1 TAh'DE31 REPEATDOMAIN, 

NZ 506 DETECTION O F  ANTI-MUC-1 ANTIBODY I N  S E R A  
FROM PATIENTS WITH BREAST CANCER. 

Yasuo Kotera,  J. Darrell Fontenot,  and Olivera J. Finn, the 
Depar tmen t  of Molecular Genetics and Biochemistry, and the 
Pi t tsburgh Cancer  Inst i tute ,  University of Pi t tsburgh,  School 
of Medinne,  Pit tsburgh, PA, 15261 

Tumor reactive CTLs have been isolated from patients with 
breast and pancreatic cancer. T h e  CTLs have been shown to 
be specific for t h e  t andem repea t  core of the human muc in  
muc-1. Mucin-specific antibodies h a v e  n o t  been detected in 
pat ients  with these tumors.  One  explanation is that they may 
form Ag/Ab complexes with circulating mucin and thus would 
no t  b e  detectable.  Another  explanat ion is that t h e  target 
an t igens  used to  detect  them, purified whole mucin or short 
synthet ic  peptides,  were sub-optimal.  Therefore  w e  thought 
that there  should be B-cell response t o  mucin. 

We prepared synthetic ant igens corresponding to 3,4, and 5 
t a n d e m  repeats  of muc-1 protein core. T h e  60, 80, and 105 
amino  acid peptides were purified by HPLC and t h e  molecular 
we igh t s  were  verified by  electrospray mass spectroscopy. 
Using these peptides as ant igens in a solid-phase ELISA, we  
screened sera from 24  breast cancer patients. Using the 105 
amino  acid peptide we  were able to detect  high levels of anti- 
mucin antibodies in 2 ou t  of 24 sera. Lower levels of antibodies 
w e r e  de t ec t ed  with the 80 a m i n o  ac id  pep t ide ,  and n o  
ant ibodies  were  detected with t h e  60 amino  acid pept ide.  
E i t h e r  conformational differences be tween  t h e  peptides or 
antibody avidity is responsible for the differential  reactivit ies 
to t h e  different peptides. Chimpanzee immunized with muc-1 
protein also produced antibodies that were detected with 105 
amino acid and no t  with t h e  60 amino acid peptide.,, 

I n t e r e s t i n g l y ,  t h e  human an t ibod ies  in naturally" 
immunized patients were primarily IgM isotype. I n  contrast ,  
the an t ibody  produced by vaccinated chimpanzee w a s  IgG 
isotype. The ability to change antibody isotype by vaccination 
may have potential  therapeutic value.  

NZ 505 IDIOTYPIC VACCINATION AGAINST B-CELL 
LYMPHOMA - A GENETIC APPROACH. 

Robert E Hawkins*, Milan Ovecka*+, Stephen J Russell'. Greg 
Winter* and Freda K Stevenson+. * Centre for Protein Engineering and 
Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH. 
UK and + Molecular Immunology Group. Tenovus Laboratory. 
Southampton General Hospital, Southampton, SO9 4XY. UK. 

Treatment of cancer with vaccines is an attractive prospect and the 
idiotypic immunoglobulin of B-cell lymphomas is a suitable target. 
Animal models suggest this approach can be effective but making 
vaccines on an individual basis is time consuming and difficult. 

Here we show that the V-genes of the idiotypic immunoglobulin can 
be identified direct from biopsies of human lymphomas by 
PCR amplification, cloning and sequencing. In three patients 
heterohybridomas prepared from the tumour were available and 
sequencing these confirmed the genes identified comprised the tumour 
idiotype. For vaccination we used an expression vector, with a 
retroviral promoter, that expresses the functional immunoglobulin, in 
the form of a single chain Fv (scFv), in fusion with a viral envelope 
protein to inoculate mice. Using a mouse antibody as a model for 
future human therapy we immunised mice directly with the 
recombinant DNA to generate an anti-idiotypic response. Subsequent 
inoculation with a vector which expresses the soluble scFv alone 
enables the response to be boosted and resulted in high antibody titres. 
The use of direct injection of DNA to express the idiotypic antibody, 
as an immunogenic fusion protein, in vivo , has obvious practical 
attractions and suggests a simple means by which idiotypic vaccines 
could be made for lymphoma patients. In addition, it should allow the 
presentation of appropriate epitopes in association with self MHC and 
thus may be effective at stimulating T-cell, as well as antibody 
responses. Genetic immunisation may also be valuable to immunise 
against other self- or mutated self-proteins including tumour antigens. 

NZ 507 IMMUNOTHERAPY FOR BREAST CANCER WITH 
PEPTIDES,  Ian F C McKenzie, Vasso S Y N T H E T I C  

Apostolopoulos and Pei-Xiang Xing, The Austin Research Institute, 
The Austin Hospital, Heidelberg, Victoria, 3084, Australia. 
Mucinl (MUCI) is highly expressed in breast cancer (CaB), and is 
highly immunogenic; most murine monoclonal antibodies made to CaB 
react with MUCl. The cloning of the cDNA for MUCl showed the 
presence of VNTRs (repeated 20 amino acid peptide domain in the 
exuacellular portion of the molecule), and most of the antibodies which 
react with MUCl protein, react with the amino acids APDTR within the 
repeat. Humans also react with this peptide as cytotoxic T cell lines can 
be developed from the lymph nodes of patients with CaB (0. Finn et al); 
thus, murine studies are of relevance for the design of immunization 
programs for the therapy of human CaB. 
M U C 1 +  and MUCl-  3T3 mouse lines were developed (after 
transfection) and while the parent 3T3 lines grew progressively in 
BALBk mice, MUCl+ 3T3 grew until -14 days when they were 
rejected, due to the recognition of human MUCI. These mice were 
resistant to a subsequent challenge and are therefore appropriately 
immunized. Funher studies demonsuated that: a) little antibody 
production to MUCl+ occurred; b) by contrast, significant cellular 
responses were engendered - shown by the presence of DTH, Tc and 
proliferative T cells; c) treatment with CD3, CD4 and CD8 antibodies 
showed that rejection was due entirely to CD3+ and CD8+ cells - CD4+ 
cells having little or no effect; d)  mice immunosuppressed with CD3 
antibody and with progressively growing tumors, were given large 
amounts of either murine yl, or chimaeric yl anti-MUC1 antibody and 
additional complement - there was no effect on the tumors which appear 
to be resistant to antibody dependent destruction. 
To examine whether synthetic or natural MUCl could immunize against 
the tumor, BALB/c mice were immunised with human milk fat 
globules, synthetic peptides from the repeat C-p13-32 
(CDAHGVTSAPDTRAPGSTAPI. a fusion urotein (containine 5 

~ ~- ~ 

repeats), N and C terminal peptides of the m'ucin and an unrelated 
peptide, and challenged with MUCI+ 3T3 cells. There was an initial 
difference in tumor size with all the immunised mice having tumors 
slightly smaller than in the untreated recipients, but then all tumors were 
rejected at the same time. The mice receiving peptide immunisation had 
high levels of antibody before and after rejection. but little cellular 
immunity. We conclude that humoral immunity is  not effective or 
desirable and that efforts should be towards inducing cellular immunity. 
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NZ 508AN LHRH PUJ BASED VACCINE ADJUVANTED WITH A 
NOVEL FATTY ACID ADJWANT: A POSSIBLE ALTERNATE 

lMMllNOLOGlCAL APPROACH FOR THE TREATMENT OF . ~ ~ ~ ~ . ~  ~ ~ ~~~ 

PROSTATE AND BREAST CANCERS, W. Reilly, R.G. Whittaker. K.G. 
Finney, and P.A. Jennings, CSIRO, Divislon of Biomolecular Engineering, 
Laboratory for Molecular Biology, PO Box 184, North Ryde, 21 13 

GnRH agonists. which are D-amino acid substituted analogues of the 
naturally occurring peptide hormone, luteinking hormone releasing hormone 
(LHRH), have proven to have great efficacy in the treatment of metastatic 
prostatic cancer, endometriosis and are currently being trialed for certain 
types of breast cancer. Although widely accepted as the therapy of choice 
GnRH agonists do have some associated problems. These are in relation to 
the compliance-compatible long term depot injectable formulations, 
hormonal flare after administration and the cost of treatment per patient. 
While there has been an experimental interest in the development of an 
LHRH vaccine for prostate cancer. in recent years, these approaches have 
required chemical synthesis of LHRH and conjugation to a suitable carrier 
molecule tr, produce the immunogen. 

We report here the use of a novel polymeric peptide expression system 
which upon vaccination with a novel synthetic adjuvant induces both 
physical and antibody responses in an outbred mouse strain. An LHRH 
related peptide was engineered into the C-terminus of the pilus subunit gene 
of Dichelobacter nodosus and expressed exogenously using the vector, 
pMF 2/1 in another type 4 piliated bacterium Pseudomoms aeruginosa K2. 
The vector is under the control of the lambda cI857 temperature suppressor 
gene with homogeneous expression of the engineered LHRH-pili occurring 
at 42'C. The expressed polymeric pili were isolated using magnesium 
chloride precipitation and can be stored at -2o'C for subsequent vaccination. 
The isolated LHRH-pili were formulated with a novel synthetic fatty acid 
adjuvant (FAA) which after two vaccinations induced marked gonadal 
auophy in outbred mice with corresponding high levels of LHRH antibodies 
observed in their sera. 

This engineered pili protein in admixture with the novel FAA has a self 
adjuvanting property and may represent an inexpensive alternate method of 
immunotherapy for the treatment of prostatic and breast cancers. This 
immunotherapy would be compatible with current agonist therapies and 
reversible immunoprotection could be achieved for 6 months or longer with 
subsequent re-vaccination. 

NZ 510 ANTIGEN-SPECIFIC HUMORAL AND CELLULAR 
IMMUNE RESPONSES IN COLORECTAL 

CARCINOMA P A T I m  IMMUNIZED W m  ANTI- 
IDIOTYPIC ANTIBODY GA733. Rajasekharan 
Somasundaram, Andrea Benden, Jan Zaloudik, Michael 
Kane, Melinda Sperlagh, Ellen Hart*, Gerald Marks', Michael 
Mastrangelo., and Dorothee Herlyn. The Wistar Institute, and 
*Jefferson Medical College, Philadelphia, PA. 
Anti-idiotypic antibodies (Ab2) that bind to the antigen (Ag) 
combining site of anti-tumor antibodies (Abl) may 
functionally mimic the tumor associated Ag. Ab2 
immunizations induced humoral, cellular and protective 
immunity in experimental animals. In a recent trial, 16 
patients with resected colorectal carcinoma (CRC) were 
immunized with alum preapitated polydonal goat Ab2 
against anti-gastrointestinal carcinoma Abl GA733. Seven of 
the 16 patients produced anti-anti idiotypes (Ab3) which 
shared idiotopes with the Abl (5 patients) and specifically 
bound to CRC cells (7 patients) and isolated tumor Ag (4 
patients). Two of the seven patients who demonstrated 
specific humoral responses after Ab2 therapy also developed T 
cells which proliferated in vitro after stimulation with either 
Ab2 or tumor Ag, but were unresponsive to stimulation with 
control proteins. Although it is too early to relate immune 
responses of the patients to clinical responses, five of the 
seven patients who responded to therapy with the production 
of anti-tumor ant iwies  are at present without evidence of 
disease. (Supported by NIH grants CA43735 and CA10815). 

NZ 509 IDENTlFlCATlON OF MCF1233 MURINE 
LEUKEMIA VlRUS ENCODED T C E L L  

EPITOPES. INVOLVED I N  IiMiMUNOPROTECTION 
AGAINST MCF1233 INDUCED TUMORS, Elisabeth 
J.A.M. Sijts', Ferry A. Ossendorp'. Erica A.M. Mengede' 
and Comelis J.M. MeIiefl.'Dept. of Immunohematology. 
University Hospital Leiden. Leiden. 2Division of 
Immunology, The Netherlands Cancer Institute. 
Amsterdam. The Netherlands. 

The MCF1233 Murine Leukemia Virus (MuLV) is a 
retrovirus. isolated from a C57BL (BIOA) mouse 
lymphoma, that induces lymphomas upon neonatal 
inoculation into C57BL mice of various H-2 haplotypes. 
Tumor development occurs late in life and has been shown 
to be MHC-associated. In H-2 congenic C57BL mouse 
strains. expresssion of the b-allele at the H-2 class I I  I-A 
locus protects against lymphomagenesis. Tumor resistance 
is probably T-cell medizted. In this study we aimed to 
identify the CTL epitope involved in resistance against 
MCF1233 induced tumors in I-Ab mice. H-Zb mice were 
immunized with a syngeneic MCF1233 transformed B 
lymphoma. From spleen cell cultures a CD8 expressing T 
cell line was isolated. responsive against MCF1233 
transformed tumor cells. On basis of class I Kb and Db 
motifs we selected 8 and 9-mer MuLV encoded peptides 
and tested them for binding to H-2 class 1. This strategy 
allowed rapid identification of we the T cell epitope 
recognized by the CTL line. This epitope is encoded by the 
env pI5E transmembrane segment of MCF1233 MuLV and 
seems an immunodominant epitope. Preliminary results 
indicate that the isolated CTL line is effective in eradication 
of MCFI2.33 expressing tumors, transplanted into T cell 
deficient (nu/nu) mice. The therapeutic value of peptide 
vaccination for protection against tumor development is 
currently investigated. 

NZ SllNOVEL APPROACH FOR ANALYSING THE HUMAN Vp 
REPERTOIRE IN HEALTHY DONOR T CELLS AND 

MELANOMA TIL. J.Even1.3, I.Puisieux1, L.Ferradini2, Ch. 
Pannetiers, M.Cochet 3, A.Makensen2, Th.Hercend2 and 
Ph.Kourilsky3. 1U152 INSERM-I.C.G.M., 2U332 INSERM- 
I.G.R., 311277 JNSERM- lnstitut Pasteur,75724 PARIS 
CEDEXl5, France. 
The disparate results obtained through semi- 
quantitative PCR analysis of the human T-cell 
receptor repertoire in pathological situations like 
cancer, rheumatoid arthritis and AIDS, prompted us to 
develop an alternative approach based on a method 
used to analyse the murine T cell receptor repertoire 
(Cochet et a/. Eur.J.lmmunol. 1992.22:2639-2647). 
This method uses mRNA and R'T-PCR, but unlike the 
more classical techniques it is also quantitative. The 
use of fluorescent primers and appropriately labeled 
size markers allows the determination of the sizes 
and the relative amounts of the amplification 
products with the help of an automated sequencer and 
specially devised soft-ware. The approximately 70 
different human Vp, and 13 Jp regions were analysed 
with 24 Vp and 13 Jp specific primers. In PBL from 
healthy donors, the average size distribution for any 
of the 24 V-C or the 13 V-J specific bands consisted 
of 7 to 8 peaks with a roughly gaussian intensity 
distribution and the deduced CDR3 sizes varied 
between 5 and 15 with major peaks at 9, 10 or 11 
amino acids. This method was found to be sensitive 
enough to demonstrate the clonality of TIL from a 
spontaneously regressive melanoma as well as the Vp 
repertoire differences in situ and after in vitro 
expansion. 
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NZ 512 HIGH TEMPERATURE KT-PCR AND EXOh JUSCl'lO\ 

Frank Lawrence, Mana F K.L Leung and Wai-Choi Leung, Division 01 
Molecular Pathology, Department of Pathology and Laboratory Mcdiaiiz. 
Tulane University School of Medicine, New Orleans, LA 701 12 

The current protocols of RT-PCR for mRNA suffer trom 
nonspecificity. We hereby reporred two improvements w h i c h  rewlted in  
amplication ot a single PCR product with high specificity to nlRNA Firs[. 
we utilized the thermostable rTrii polymerase to catalyze both RT an(! TCR 
reactions at slevated temperature to avoid folding of ;emplate Kh-1 
Increased specificity i n  priming w a s  also obhzrved w i t h  primer, bc;u 
'Tin set 31 high temperarurz With t h i \  approaLh. tlie IIT-PCK rra;tioii 
able to yield tqsr specific product\. e\zii i n  conditioii> uhich prom 
nonspecifiaty. e.g. high co i ice i i t r~~io i i~  of template, b primcrs. i!i 
Regions of template RNA w h i c h  previou,l~ was unable tu be transcribcd 
by the Moloiie~ reverse transcnprasc was able to yield D N A  product n:. 

PRIMERS FOR CYTOKINE niRNAs .ling-Zhou Hou. IV .  

h i s  protocol LVe h r r t  ablr to detect aild q 
ines from toid ~ z l l u l r i r  I< \ .&  including TYI 

1FlC.ATlON OF CYTOLYTIC LYIIPHOCYTT 
T.ARl;CT STRUCTURES BY CELLL'LAR ADSORPTIOI\' 
Or TUQIOR RINDING PROTEINS. Var! Vondragon. 

Rnllahti Da<. \ ictor Fuentes and Allen Norin. Ilepartments of 
lledicine and Anatom\ & Cell Riologb. S C N Y  Health Science 
('enter Rroohlyn. N e w  Yorh 1 1  2 0 3  
Cel lular  interactions involving engagement of specific receptors 
an? counter receptors on oppocing cells are important in  inductive 
and effector phases of cellular immune ressonses. In order to 
identif\ i p v i f i c  interactive inolecules u'e developed a novel 
approach that utilizes the direct binding properties of surface 
proteins on target cells. The validit! of this approach wa\ 
rctablist~ed h! characterizing LFA-3 on sheep er) throcyte ( s E )  
a i  ti target structure for lymphocytes. Rlembrune proteins of 
sl: were labelled with biotin and allowed to adsorb t o  freshl\ 
isolated human Iymphockies. extracted. separated by sodium 
do6ecvl-suifeite polyacrylaniide gel electrophoresis (SDS-PAGE) 
and dctected on western blots. .Additionall!. lymphocyte-binding 
s E  rnembranc proteins were detected on western blots by reacting 
biotin labelled with blotted s E  (lymphocyte membrane protein) 
membrane proteins. Both methods revealed a number of  

rnphoc>te thinding proteins i n  addition to a 60KD band consistent 
ith thr. known molecular weight of I.F.4-3 and verified with 

a spe:ific monoclonal antibody. Biotinylated surface proteins 
of the K>6! (NK-sensitive) and A 5 4 Y  (NK-resistant) cell line5 
be re  Hdsorhed t o  freshly isolated lymphocytes and adsorbed 
proteins were detected using above approach. Approximutel~ 
20  tumor binding proteins were revealed. Although most of the 
proteins were simialr in molecular weight. a 51.5 K D  protein 
was present on K562 blot but not on A 5 4 9  blot. In contrast. 
A 5 4 9  blots contained 47KD. 50KD and 53KD proteins which were 
absent on K S f i 2  blots. 4 protein of 51.5 KD on the K562 cell 
lines was therefore considered to he an important molecule for 
N K  cell mediated cytolytic process. This protein wan purified 
to  apparent homogeneity by preparative PAGE. The purified 
protein hound to the lymphocyte surface and exhibited dose 
dependent competitive inhibition of N K  cell mediated cvtotoxicity. 
These studies demonstrate that the cellular adsorption technique 
could be a valuable tool in identifying molecules involved in  
cell t o  cell interactions and that a 51.5 KD K 5 6 2  protein is an 
important N K  cell recognition structure. (Supported bv USPIIS 
grant CA475481. 

NZ 513 ACTIVATION AND EXPANSION OF BlSPEClFlC 
ANTIBODY-TRIGGERED CYTOTOXIC T LYMPHO- 

CYTES IN HOLLOW FIBER BIOREACTORS, CHJ Lamers, R J  
Van De Griend, ano  R L H  Bolhuis. Department of 
Immunology, Daniel den Hoed Cancer Center,  Rotterdam, 
The Netherlands.  
We compared  the  growthkinetics and  cytolytic activities of 
peripheral blood lymphocytes,  expanded  using either 
ACUSYST hollow fiber bioreactors (HFBR) or culture bags .  
In cont ras t  to  bag cultures,  IL2 and serum need only t o  be 
supplied to the  small, cell containing compar tment ,  i.e. the  
extracapillary space  (ECSI of  the  HFBR. Both sys t ems  
yielded a fifty fold increase in viable lymphocytes within 
1 4 - 1 6  days  of cultuie.  The amount  of cells required for a 
' therapeutic '  dose  of 5x1 0'' lymphocytes can  be harvested 
from a s!ngle H F B R  Addition of PHA or anti-CD3 MAb to  
the EC-space inubced rapid activation and proliferation of 
lymphocytes Harvestiriy of lymphocytes w a s  achieved by 
simple flushing of  t ne  ECS compar tment  of the  HFBR with 
inediun:. The harvesteo lymphocytes were  predominantly 
o f  the  C D 3 ' 8 '  pber 'otype. Generally. t he  expanded 
lymphocv!es dlsplay srrong cytolytic activity directly after 
ha rves t l rg ,  ant! cou!d :Padily he  triggered for cytolysis by 
Oispecifit antibodies For abour 4 0 %  of the  donors  a 4 h r  
restiiiy cioriod I;? f r e s i i  medium w a s  required to restore 

I Au-triggerPo : y ~ , c  activity of t he  lymphocytes .  The 
properties o f  the  ~ y r ' p b o c y t e s  circulating in the  ECS, 1.e. 
lymphocvte riurgher, viability, phenotype  a s  well a s  the  
iytniytlc notential. appeared predictive for t hese  features 
of the lymphocvtes harvested from the  HFBR. Thus ,  the  
large scc.te and rapid expansion of BsAb-triggered cytotoxic 
lymphocytes for cliriica! applications is efficient in HFBRs 
with redxced COSTS aii,! under conditions that fulfill GLP 
req u i re rrio in1 s 

NZ 515 MAKING SENSE OF THE COMBINED E F F E n  OF IL- 
4 AND IL-2 - A MATHEMATICAL MODEL. Benoit Morel, 

Meghan Burke, Jayant Kalagnanam and Penelope A Morel. Dept. of 
Engineering and Public Policy, Carnegie Mellon University, Dept. 
of Medicine, University of Pittsburgh, Pittsburgh Cancer Institute, 
Pittsburgh. PA 15213 

The development of an effector T helper response involves two 
important lymphokmes, IL-2 and IL-4. IL-2 and IL-4 are pleiouopic 
and many cells In the immunological system simultaneously express 
high affinity receptors for IL-2 and IL-4. 

Most of the evidence suggests that IL-4-binding down- 
regulates expression of IL-2 high affinity receptors in both B and T 
cells. It is assumed that the interaction between the receptors at the 
surface plays an important role in this as the down regulation occurs 
at 4OC as well as at 37OC. The exact nature of this interachon is still 
very mysterious. Furthermore, it is possible that IL-4 binding 
affects the dynamics of IL-2 binding and IL-2 receptor expression 
inside the cell tm .  

It has also been shown that, in some circumstances. IL-2 and 
IL-4 binding to the same cell have a synergistic effect, as in T cell 
proliferation. I n  view of the previous evidence this seems 
confusing. It is possible, however, to make sense of this apparent 
cannadiction and reconcile all the experimental evidences existing 
today, if one takes a "dynamical" perspective. More prccisely, it is 
possible 10 show (using a simple dynamical model) that IL-2nL-4 
binding and their interactions could result in what can look like 
either synergistic or antagonistic effects. while always down 
regulating the number of IL-2 receptors. This depends on the 
propenies of the individual cells involved (such as the densities of 
IL-2 and IL-4 receptors). 

A mathematical model will be presented that addresses all of 
these questions. This model has been rigorously tested against 
experimental data and can reproduce all of the published data as well 
as experiments specifically designed to test the model. Dynamical 
effects like the one suggested in this system probably play a 
fundamental role in the regulation of the immunological response. 
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NZ516 CONSTRUCTION OF A BREAST CANCER CELL 
SPECIFIC CHIMERIC T CELL RECEPTOR TO 

ENHANCE THE TUMOR SPECIFICITY OF TUMOR 
LNFILTRATING LYMPHOCYTES, K. Motmans' ,2, C. 
V a n d e v y v e r l  and J. Raus132, 'Depar tment  of 
Biotechnology/lmmunology, Dr. L. Willems-lnstituut, 8-3590 
Diepenbeek, Belgium, 2Limburgs Universitair Centrum, 8-3590 
Diepenbeek, Belgium 
Adoptive breast cancer immunotherapy by the use of tumor 
infiltrating lymphocytes (TIL) is often limited by the lack of 
specificity of these TIL. Moreover breast TIL are predominantly of 
the helper type. 
Recently it became possible to design and direct at will the 
specificity of T cells in a non major histocompatibility complex 
(MHC) restricted manner by generating a chimeric T cell receptor 
(TCR) in which the antigen binding domain is replaced by an 
analogous domain of a monoclonal antibody (MoAB). In thls 
approach the availability of anti tumor MoABs and the cytotoxic 
capabilities of T cells are combined in a potential tumor adoptive 
immunotherapy (Gross et a/. 1989, PNAS 86, 10024). For the 
construction of the chimeric TCR genes, cDNA encoding the 
variable antigen binding domains of breast cancer cell specific 
MoABS (Plessers et a/. 1986, Anticancer Res. 6 ,  885) is 
combined with the cDNA encoding the constant regions of TCR 
a- and P-chains by a single tube polymerase chain reaction 
IPCRI. The chimeric aenes are cloned in mammalian Epstein 
Barr ' virus (EBV)-bgsed episomal expression vectors 
(INVITROGEN). 
For the enhancement of cytoxicity of breast cancer TIL, the tumor 
necrosis factor (TNF)- and interferon y (IFNy)-gene are cloned in 
these expression vectors. By this we hope to circumvent the fact 
that most TIL are CD4+. 
This work is supported by a fellowship of the "Nationaal Fonds 
voor Wetenschappelijk onderzoek", the "Vereniging voor 
Kankerbestrijding", the "Limburgs Universitair Centrum" and the 
"Sociale lnvesteringsmaatschappij Limburg". 

NZ 518Retroviral vectors for secretable TNF and hypersecretable 
TNF: Construction, characterization of expression in TIL 

and tumor cells, and large scale GMP production of clinical lots. R. 
Ralston, M. Krieglerl, C. Perez], K. DeFay, D. Lowe and B. 
Maiorella. Chiron Corporation, Emeryville, CA 94608. 

Intralesional administration of tumor necrosis factor (TNF) has 
been shown to promote tumor regression in human subjects 
(Bartsch et al., 1988; Kahn, et al., 1989). Expression of TNF by 
transduced tumor infiltrating lymphocytes (TIL) could mediate or 
evoke a significant anti-tumor response. Retroviral vectors for 
expression of secretable TNF were constructed in the LXSN 
backbone (Miller & Rosman, 1989), using cDNA clones for either 
full length TNF or a hypersecretable 17 kD form containing the 
yIFN signal sequence (Perez et al., 1990). (Master cell banks were 
prepared from single cell clones of PA317 cells (Miller & Buttimore, 
1986) containing a single provirus (LTNFSN or LTpigSN).  
Production cells consistently generated titers of >lo6 cfu/rnl. 
Clinical lots of 9 L each were prepared under GMP, including 
release testing for absence of adventitious viruses (assays for MLV, 
BVDV, PPV, LCMV, HIV-1, HTLV-1, MAP and CPE), adherence to 
post-thaw specifications for recombinant virus titer (>lob), and for 
TNF expression on NIH 3T3 cells. Clinical lots of TNF retrovirus 
were provided to NCI for transduction of human TIL and tumor 
cells from study subjects (S.A. Rosenberg, M.D., principal 
investigator). Transduction efficiency in TIL ranged from 4-16% 
without selection and u p  to 86% after 5 days of selection with G418 
(%'. Hwu, M.D., personal communication). Expression of TNF by 
LTfligSN-transduced TILs was approximately 5-fold higher than 
for LTNFSN-transduced TILs. Establishment of transduced 
carcinoma cells required extended culturing (>60 d )  but the 
resulting lines expressed TNF very efficiently. Clinical evaluation 
of the transduced TIL and tumor cells is in progress. 

'Present address: Cytel Corporation, San Diego, CA 

NZ 517 GENERATION OF MICE DEFECTIVE FOR TUMOR 

Klaus Pfeffer. Toshtfumi Matsuyama, Andrew Wakeham, Ken$ 
Kishihara, Julia Potter, Arda Shahinian, Katja Wiegmann', Martin 
Kronke", and Tak W. Mak. Ontario Cancer Institute, Depmments of 
Medical Biophysics and Immunology, University of Toronto, Princess 
Margaret Hospital, 500 Sherboume S m t ,  Toronto, Canada M4X 1K9, 
" and lnstitut fur Medizinische Mikrobiologie und Hygiene, 
Technische Universitat Munchen, Trogerstr. 4a, 8OOO Munchen 80, 
Federal Republic of Germany. 

TNFa and TNFP are polypeptides with multifunctional properties, 
including hemorrhagic necrosis of transplanted tumors and 
cytotoxicity. TNFa and TNFP play a crucial role in endotoxin and 
superantigen shock syndromes, as well as in  inflammatory, 
irnmunoregulatory and antiviral responses. We now begin lo 
understand that the pleiotropism of TNF actions results from the 
complexity of the intracellular signal transduction pathways triggered 
by the binding of TNFa and TNFP to their common cell surface 
receptor. The receptor consists of two chains with molecular weights 
of 55 and 75 kDa (TNFRpS5 and TNFRp75). To explore the vdrious 
physiological and pathological functions of TNF, a mouse strain 
lacking a functional TNFRp55 has been generated by gene targzting in 
ES cells. Spleen cells of homozygous TNFRp.55". mice are not able to 
bind human TNF ;ind NF-,B induction is absent. These mice are 
resistant against challenge with LPS even at 1000-fold the dosage 
which is lethal for TNFRp55"' littermates. This mouse strain 
hopefully will prove tn be useful t o  investigate the biology o i  TNF 
xiions in vivo. 

NECROSIS FACTOR RECEPTOR p55, 

NZ 519 PHOTOAFFINITY LABELING OF THE T CELL 
RECEPTOR ON LIVING CYTOLYTIC T LYMPHOCYTES. 
A NOVEL APPROACH TO STUDY TCR-LIGAND 

INTERACTIONS. Pedro Romero. Jean-Laurent Casanova, Janet L. 
Maryanski and Immanuel F. Luescher, Ludwig Institute for Cancer 
Research, Lausanne Branch, 1066 Epalinges. Switzerland 
The antigenic octapeptide PbCS 253-260, recognized by cytolytic T 
lymphocytes (CTL) in the context of the class I MHC molecule 
H-2Kd (Kd), was modified by conjugation of Lys 259, a functionally 
defined TCR contact residue, with photoreactive iodo, 4- 
azidosalicylic acid (IASA). The resulting peptide derivative btnding to 
Kd as efficiently as the parental peptide was used to immunize mice. 
Eight independent Cn. clones were analyzed for fine specificity of 
recognition, TCR sequence and photoaffinity labeling of TCR. The 
IASA group formed an essential part of the epitope for all the clones. 
As predicted, recognition of the peptide derivative by CTL was Kd 
restricted. However, each clone revealed a distinct pattern of 
recognition of peptide variants lacking substituents from the IASA 
group. Incubation of living cloned CTL cells with the radiolabeled 
photoreactive peptide derivative followed by UV irradiation resulted 
in photoaffinity labeling of the TCR in 4 out of 8 clones. TCR 
labeling was dependent on the peptide derivative binding to the Kd 
molecule and on intercellular interaction. Two CTL clones were 
labeled selectively at the TCRa-chain, one at the 8-chain, while one 
was labeled at both a- and p-chains. Four of eight TCRs analyzed 
were composed of a-chains incorporating the JaTA28 segment that 
were associated with Vplexpressing p-chains. Interestingly, 3 out of 
4 clones tested expressing these two dominant TCR gene elements 
were labeled at their TCR achains. These results indicate that a 
residue at a defined position near the COOH-terminus of the antigenic 
peptide may interact with either TCR a- or p-chain, or both chains, in 
a clone-specific manner. This may be the first direct biochemical 
demonstration of the interaction between an antigenic peptide-MHC 
complex and specific TCR. This approach opens new ways to the 
molecular analysis of antigen recognition by specific T cells. 
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NZ 520 ('YTOKINE GENE TRAYSCRIPTION IX RENAL CELL CAR- 
CI>O.LLIAh . ,\ I'OLYhlERASE CHAIN REACTlOK STUDY 1s 
'I U > l O U I <  BIOI'5IC5. 

G C Spagnoli. hl. Zubcr, A. Mcrlo. V Cactano, E. SchultG F. Hardcr, L. 
Filgucira. M.Hcbcrcr. Departments of Surgcry and Rcscarch, Univcrsity of 
Bascl, 5w:rsciland. 

Ti.niour infiltrding lympliocytcs (TIL) arc mainly T-cells, cxprcssing surfacc 
dc~ i id t io~~  markcis such a h  IILA-DR, CD69 and CD45R0, but thc functional 
~na!urc oi the i n t e r d o n  bctwccn TIL and neoplastic cclls rcmans unclcar to 
dJLi.. 

Activation "1 T-lymphoc~cs following antigcn rccognrtion, "in vitro" and 
is .ccompanicd by transcription of cytokinc gmcs. Furthcrmorc, 

prL~ductio~i ul c>tohiiics by ncopinstic cclls rn clinical oncology and in cxpcrimcn- 
1.51 !umour \  l i d \  Aii i xcn  rcpnrtcd.  Sincc cytokincs arc powcrful modulators of 
i i i i . i i u i i ~  rCbponsCs ,  Ioc.d pruduction, irrcspcctivc of thc ccll typc(s) rcsponsiblc 
ior tlicir xcrcLinn, could bc relevant in thc interaction bctwccn turnour and 
l " l l l l U " C  \ ) \ t C " l .  

In this work wc m\cstisatcd thc transcription of gcncs cncoding for 
m t i i  lcuhi im-2 (IL-2), micricuhin-4 (IL-4), intcrlcuhin-10 (IL-10) rzd intcrfcron- 
g.>iiim.t (1I'K-g:tnima) i n  lympliocytc inliltratcd rcnal ccll carcinoma (RCC) 
I ~ w p i i ~ \  I I i m  tcn pit icnt,  u\ing the rcvcrsc polymcrasc chain rcaction (PCR) 
tcciiniqi~c. Au tdug~~us  ~pcr~pl~cr:d blood mononuclcar cells (PDMC) and healthy 
rcml p r c : d ~ y m . t  wcic tc\tcd i n  pxallcl. 'rile bcto-actin gcnc, uscd as positive 
col:!ioI. \ V A ~  found to hc transcribed in d l  samples. In contrast, transcription of 
cytokinc gcncs was confincd lo tumour biopsics : 1L-2 gcnc transcripts were 
dct~ctablc in fivc biopsics, and IL-10 transcripts in scvcn. Thc 1L-4 and 1FN 
gmim~ gmcs wcrc found to bc transcribcd in onc biopsy cach. 

Thcsc data undcrlinc that, dcspitc histological similarities, hetcro- 
gcncouc patterns ol cytokinc gcnc transcriptlon can be obscwcd in different 
RCC biopsics In two wscs, in spitc of thc usc of a highly scnsitivc tcchniquc, 
no iytohin;  gcnc transcripts could bc idcntificd. Furthcrmorc, transcription of 
IL-4 and I t N - g a n i m ~ ,  usu~lly obscrvcd upon dntigcn rcccptor triggcring of T- 
lymphocytca, was only rarcly dctcctablc in IymphoqTc infiltratcd rcnal ccU 
carcinoma biopaics. Although trmscription of an immunostimulatory I p p b o -  
hinc, auch 3s IL-2, could bc obscrvcd in 50% of biopsics, thc most frcqucntly 
trxicribcd cytolinc gcnc cncodcd for an inhibitory factor, IL-10. 

Local pruduction of thcsc factors might havc a rclcvant impact on thc 
gcn.ncr~l~an 01 anti-tumor immunc rcsponsc. 

NZ 522 RECEPTOR-MEDIATED CYTOKINE GENE DELIVERY TO 
TUMOR CELLS FOR GENERATION OF CANCER VACCINES, 

Kurt Zatloukal. Ernst Wagner. Matthew Cotten. Walter Schmidt. 
Christian Plank, Manfred Bergei. Mediyha Sallik. Georg Stingl*. 
Max L.  Birnstiel, Research Institute of Molecular Pathology. 
Vienna. A-1030, Austria,* 2nd Clinic of  Dermatology. Univcrsity 
of Vienna School of Medicine. Vienna. A-1090. Austria 

We have developed a new gene transfer system which 
uses the receptor-mediated endocytosis  pathway and the 
endosome-disruption activity of adenovirus to introduce gene 
constructs i n l o  target cells. The combination of these two 
mechanisms IS achieved by attaching the DNA binding moiety 
polylysine to the extcrior of adenovirus particles. The gene 10 
he deliveicd is complexed to the modified virus and further 
addition of polylysine-transferrin o r  other polylysine-ligands 
(LDL. EGF) condenses the DNA. This generates a ligand- 
polylysineiDNA donut linked 10 the exterior of a defective 
adenovirus pmic le .  The ligands (and the adenovirus) mediate 
the binding of the con\plcx to the tuniour cell. Upon endocytosis, 
the adcnovirus triggers an endosome disruption which allows 
cytoplasmic entry of the DNA 

These genc-transfer complexes allow highly efficient 
gene transfer to primary human melanoma cells (up to 50% 
transfected cells without selcction) and to M-3 mouse melanoma 
cells with almost 10090 trdnsfection efficiency. Wc have tested 
the genc delivery activity 01 various ligands in different 
primary human melanoma ccII. In general. best delivery occurs 
via the transferrin and adenovirus-receptors. however. in some 
tumor isolates. LDL-rcceptor ligands and EGF-receptor ligands 
are more efficient. In primary human melanoma cells. the Ela-  
defect of the adenovirus is not sufficienl to prevent virus- 
related cytotoxicity. To achicve long-term gene expression in 
these cells i t  is. therefore. essential to further inactivate the 
virus by psoralen/UVA-trcatmcnt or  to use other replication- 
defective adenovirus strains. 

Murine M-3 melanoma cells transfccted with IFN-y or IL- 
2 gene-constructs produce high amounts  o r  cytokines (24000 
Units 1L-2/ 1x106 cells/24hrs: 1200 ng IFN-y/ 1x106 cel ls l24hrs) .  
Transplantat ion of  1x105 IL-2 transfcctcd M-3 cells into 
syngeneic DBAI2 mice does not. lead to tumor formation in 616 
animals. whereas same amount o f  non transfected M-3 cells 
developed tumors in all animals. 

NZ521 SUPPRESSION OF RETROVIRUS-INDUCED AUTOIMMUNITY AND 

ACTIVATED LYMPHOCYTES. 
V i c t o r  Te r -Gr igo rov .  Eugen ia  L iubashevsky .  Hanna 
Ungar-Waron. Ze ' ev  T r a i n i n .  Department  o f  Immunology, 
Kimron V e t e r i n a r y  I n s t i t u t e ,  Bet-Dagan. 50250, Israel .  

Hybr id  (BALB/cxC57BL/6)F mice were immunized w i t h  
g l u t a r a l d e h y d e  f i x e d  ConLA a c t i v a t e d  s p l e e n  c e l l s  and  
thymocy tes  o f  n o n - i n f e c t e d  s y n g e n e i c  or s e m i - a l l o g e n i c  
( p a r e n t a l )  a n i m a l s  p r i o r  t o  Rausche r  l eukemia  r e t r o v i r u s  
( R V )  i n j e c t i o n .  P a r t  of t h e  mice were immunized 
s u b s e q u e n t l y  wi th  f i x e d  Rausche r  l eukemic  ce l l s  o f  BALB/c 
o r i g i n .  A l l  c o n t r o l  m i c e ,  whe the r  non-immunized a t  a l l  or 
immunized w i t h  l eukemic  cells  only, d e v e l o p e d  l eukemia  2-3 
weeks after RV i n j e c t i o n .  Leukemogenesis  was p r e v e n t e d  i n  
90% of a n i m a l s  immunized w i t h  s y n g e n e i c  cells  and  i n  60-70% 
of mice immunized w i t h  p a r e n t a l  ce l l s .  Complete  p r o t e c t i o n  
of  a l l  t h e  mice a g a i n s t  R V  l eukemia  was a c h i e v e d  when 
immuniza t ion  w i t h  lymphocy tes ,  whe the r  s y n g e n e i c  o r  
p a r e n t a l ,  was f o l l o w e d  by immuniza t ion  w i t h  l eukemic  ce l l s .  
When a d m i n i s t e r e d  24h a f t e r  RV i n j e c t i o n ,  immuniza t ion  w i t h  
p a r e n t a l  l ymphocy tes  was a l s o  e f f e c t i v e  ( s u p p r e s s i n g  
leukemia deve lopmen t  i n  50% of mice) whereas  immuniza t ion  
w i t h  s y n g e n e i c  ce l l s  was c o m p l e t e l y  i n e f f e c t i v e .  The 
p r o t e c t i v e  e f f e c t  of  v a c c i n a t i o n  was found t o  b e  based  
upon: i )  S u p p r e s s i o n  of autoimmune r e a c t i o n s  which R V  
i n d u c e s  i n  n o n - v a c c i n a t e d  mice ( a n t i - s e l f  MHC class 11 
a n t i g e n s ,  CD4 e t c . ) ;  ii) P r o d u c t i o n  of  a p p r o p r i a t e  a n t i -  
i d i o t y p i c  a n t i b o d i e s  ( a n t i - a n t i - s e l f  MHC class 11. CD4. 
e t c . ) ;  iii) P r o d u c t i o n  of a n t i b o d i e s  t o  MHC c lass  I 
antigens. A d d i t i o n a l  immuniza t ion  with l eukemic  cells  
e n h a n c e s  t h e  l a t t e r  t y p e  of  r e a c t i o n  as  w e l l  as a n t i v i r a l  
r e s p o n s e s .  

LEUKEMOGENESIS BY VACCINATION WITH FIXED MITOGEN- 
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NZ600  MEASUREMENT OF THE POTENCY OF EX VIVO 
ACTIVATED MEMORY T-CELLS USED IN AUTO- 

LYMPHOCYTE THERAPY FOR THE TREATMENT OF METASTATIC 
RENAL CELL CARCINOMA. Bruce Babbitt, Joe Goodwin, 
Barry Caplan, and Michael Osband, Boston, MA. 
Autolymphocyte therapy (ALT) is outpatient 
adoptive immunotherapy based on the infusion of 
memory T-cells (ALT cells) that have been 
activated ex vivo by a combination of OKT3, a 
mitogenic monoclonal antibody directed against the 
CD3 portion of the T-cell receptor, together with 
a previously-prepared mixture of autologous 
cytokines. In order to determine the potency of 
ALT cells prepared from patients, we stimulated 
ALT cells, as well as the peripheral blood 
mononuclear cells from which they were derived, 
with phorbol myristate acetate (PMA), which has 
been shown to be a second signal for the full 
activation of primed T cells. The PMA induced 
proliferation and cytokine secretion is as 
follows: 

Proliferation IFNg GMCSF 
';;;) ( P g p  ( P g p  

PBM (N=ll) 
ALT (N=20) 43457 4 6 4  718 
The proliferation and cytokine production were 
highly correlated for the ALT cells from each 
patient. In addition, in some patients, ALT cell 
subpopulations were stimulated to proliferate by 
PMA after depletion of either CD4(+), CD8 (+) , 
naive ( 2 H 4 ( + ) ) ,  or memory (UCHLl(+)) T cells. 
Results indicate that each of these cell types was 
primed by the autokines + OKT3. Removal of memory 
T cells from ALT cells resulted in a large 
decrease in PMA-induced IFNq production. 
data indicate that the ex vivo process used to 
prepare ALT cells results in the priming of 
patient PBM, especially memory T-cells. These 
primed T-cells should be able to respond better 
Viva to a variety of biologically relevant second 
signals, from either immune cells, or tumor cells, 
and become fully activated as functional 
helper/effector cells. We intend to utilize this 
assay to determine if PMA-stimulated proliferation 
and/or cytokine production correlates with 
clinical outcome following ALT treatment. 

These 

NZ 602DIFFERENTIAL IMMUNE RESPONSES IN TUMOUR 
DRAINING LYMPH NODES CORRELATING WITH 
ONCOGENE EXPRESSION IN THE PRIMARY TUMOUR 
OF BREAST CANCER PATIENTS. 

James S .  Clark, W.D. George and A.M. Campbell 

Dep t  of Biochemistry and Surgery, Glasgow University, Glasgow, 
Scotland GI2  8QQ. 

T h e  axillary tumour draining lymph  nodes in breast cancer 
patients are usually the first major component of the immune system t o  
come in contact with either metastatic tumour cells or tumour breakdown 
products. T h e  oncoproteins c-erbB-2 and mutant  p53 which could be 
possible immune stimulating factors were studied simultaneously with 
the immune response in the proximal and distal tumour draining axillary 
lymph nodes from 18 breast cancer patients. 

The  immune response in the axilla shows relevant differential 
changes when comparing proximal and  distal nodes in relation t o  the 
tumour site. Proximal nodes contain on average more T cells expressing 
the activation markers  H L A  DR (p=0.03) and Tac (Interleukin 2 
receptor) (p<O.OOl). 

p53 and c-erbB-2 oncoproteins  were  quant i f ied by f low 
cytometry (1) and compared with the nodal immune response. 

There was no trend between c-erbB-2 expression and T and B 
cell activation. A trend was noted for mutant p53 expression and CD8 
positive cytotoxic T cells expressing the activation marker  HLA DR 
(p=O.O4). This  suggests that mutant p53 expression could be a possible 
stirnulatory factor o f  the immune system in the axillary tumour draining 
lymph nodes of breast cancer patients. 

T h e  data indicates that immunotherapeut ic  regimes may be 
improved by the selection of defined immune tissues from patients with 
specific tumour phenorypes. 

(1) Clark J.S., George W.D., Campbel l  A.M. 1992. Dual colour  f low 
cytometry o f  p53 and c-erbB-2 expression related to  DNA aneuploidy in 
primary and metastatic breast cancer. Cancer Letters (in press) 

NZ 601 ADOPTIVE IMMUNOTHERAPY R.L.H Bolhuis', G.  Stoter', S.H. 
Goey2. A.M.M. Eggermont3 11 Dept. Immunol.. 2 )  Dept. Med. 

Oncol , 3) Dept. Oncol. Surg.. Daniel den Hoed Cancer Center, Rotterdam, 
The Netherlands. We have performed a single institution phase II study of 
the combination of IL-2 and o-interferon 1olFFJI and lymphokine activated 
lymphocytes 1LAKI. Treatment schedule: IL-2 1 8  x 10" IU/m21dav. CIV. 
days 1-5. together with olFN. 5 x lo6 Uim' i m Leukapheresis a t  days 7-9. 
LAK was reinfused on days 12-1 4, with IL-2 on day 12-1 6. olFN was given 
i.m. on days 12-15. 5 x lo6 Ulm'. The cycle was repeated on day 36. 
Patients with stable disease or response went  on to  maintenance treatment 
wlth 4 monthly cycles on IL-2 1 8  x 10' IUlm'lday on days 1-4 and olFN 5 
x l o 6  Uim'iday. days 1-4. At this point 30 patients are evaluable: 3 have 
reached a CR 110%). 1 0  a PR (33%). the median duration of response: 11 
months, median time t o  progression: 6 months; median survival: 2 8  
months. In 75% of the patients dose reductions and or delays in the 
administration of the IL-2 and olFN are warranted a s  a results of 
hypotension, anuria and severe intractable diarrhea accompanied with 
metabolic acidosis. The treatment schedule used represents therapy at the 
maximum tolerated level. The study is ongoing. 
We also focussed on a new strategy to  circumvent the difficulties in 
generating T cell specific antitumor responses. We combine a1 the tumor 
and CTL selectivity of bs-mAb, b) the cytolytic capacity of in vitro- 
activated and expanded T cells and cl the proliferation and T cell activity 
enhancing capacity of IL-2 for the purpose of immunotherapy. As a result 
the CTL are bridged to  the tumor target cell. We started a phase I1 clinical 
trial for the i.p. treatment of ovarian cancer patients ( F I G 0  stage 1111 where 
tumor dissemination is restricted to  the abdomen. Lymphocytes of patients 
are expanded at  least 50-fold, invirro. A treatment cycle consists of an 
escalating dose of bs-mAb labelled T lymphocytes 110' - 10'1 followed by 
5 successive days of administration of 10' bs-mAb labelled T lymphocytes 
Clinical results: all patients developed anti-mouse Ig antibodies IHAMAI. 
Nine patients are evaluable for toxicity and response Toxicity IS  minor, 3 
patients showed extracavitary progressive disease and dtd not undergo 
exploratory laparotomy. Three patients who had tumor-positwe ascites 
became negative. 6 patients were subjected t o  exploratory laparotomy. 
Two received a complete intracavitary response, but in 1 refroperitoneal 
lymphnode metastasis had progressed. Two patients showed partial 
regression of intracavitary tumor. but tumor lesions remamed at 
inaccessible adherent peritoneal sites in 1 ,  and new submucosal intestinal 
lesions had developed in the other. One patient had stable disease (until 5 
months post-surgical debulking and immunotherapvl, one had 1.p. 
progressive disease. 

N Z 6 0 3  NK CELL ACTIVATION BY RETINOIDS I N  BREAST CANCER 
CHMOPREVENTION, E n r i c o  C l e r i c i , G i u s e p p e  De  P a l o ,  

F ranca  F o r m e l l i ,  E n r i c a  F e r r a r i o ,  D a r i a  T r a b a t t o c i  and 
Maria L u i s a  V i l l a ,  I s t i t u t o  N a z i o n a l e  Tumori and C a r t e d r a  
3: Immunol-Jgia of t h e  U n i v e r s i t v ,  Mi l an ,  I t a l y .  
Because of i ts long  r e t e n t i o n  i n  t h e  mammary g l a n d  and 
l o w  t o x i c i t y ,  N-(4-hydroxyphenyl)  r e t i n a m i d e  (I-HPR) 
is  b e i n g  a t  p r e s e n t  u s e d  i n  a l a r g e  scale randomized 
phase  111 t r i a l  which was s t a r t e d  i n  march 1987 a t  t h e  
l s t i t u t c  N a z i o n a l e  Tumori of M i l a n ,  f o r  t h e  p r e v e n t i o n  
of c o n t r o l a t e r a l  d i s e a s e  i n  b r e a s t  c a n c e r  p a t i e n t s  w i t h  
no a x i l l a r y  lymphnode metastases who p r e v i o u s l y  underwent  
r a d i c a l  s u r g e r y .  A l though  t h e  p r e c i s e  mechanism of t h e  
a n t i c a r c i n o g e n i c  e f f e c t  o f  4-HPR is n o t  y e t  u n d e r s t o o d ,  
t h e  p r e s e n t  r e p o r t ,  wh ich  d e a l s  w i t h  i t s  i n f l u e n c e  on 
c e l l u l a r  immunity,  shows t h a t :  I )  t h e  NK a c t i v i t y  of 
mas tec tomized  women t r e a t e d  f o r  s i x  months w i t h  4-HPR 
200 mg p . 0 .  d a y l y  was s i g n i f i c a n t l y  h i g h e r  (p<O.OOl) 
t h a n  t h a t  o f  c o n t r o l s ,  i . e . ,  mas tec tomized  women 
r e c e i v i n g  a p l a c e b o .  2 )  s u c h  a c r i v i t y  c o u l d  n o t  be 
augmented by i n c u b a t i o n  w i t h  either r l L - 2  O K  a l f a - r I F N  
i n  v i t r o ,  t h u s  s u g g e s t i n g  t h a t  t h e  NK a c t i v i t y  o f  PBMC 
from 4-HPR t r e a t e d  women is maximized,  3 )  IL-2 p r o d u c t i o n  
by PBMC c u l t u r e s  f rom p a t i e n t s  g i v e n  4-HPR o r  p l a c e b o  
w a s  u n v a r i e d  p r i o r  and a f t e r  180 d a y s  of  t r e a t m e n t ,  4 )  
i m u n o p h e n o t y p i n g  w i t h  a n t i  Leu I 1  MoAb i n d i c a t e s  t h a t  
t h e  f u n c t i o n a l  a c t i v i t y ,  b u t  n o t  t h e  number,  o f  NK c e l l s  
is i n c r e a s e d  i n  4-HPR t r e a t e d  women, 5) t h e  NK a c t i v i t y  
of PBMC from b lood  d o n o r s  i n c u b a t e d  w i t h  d i f f e r e n t  
amounts  of  4-HPR. and its m a j o r  m e t a b o l i t e  4-MPR is  
n e v e r  s t a t i s t i c a l l y  d i f f e r e n t  from t h a t  of c o n t r o l s  
e x c e p t  f o r  10-5M 4-HPR f i n a l  c o n c e n t r a t i o n .  These  
f i n d i n g s  s u g g e s t  t h a t  the  enhancement  of NK a c t i v i t y  
may be a component o f  t h e  a n t i n e o p l a s t i c  a c t i v i i y  o f  
4-HPR. 
S u p p o r t e d  by MURST 402,  1992. 
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NZ 604 EFFECT OF UV-B RADIATION ON THE PRESENCE OF 
TUMOR INFILTRATING LYMPHOID CELLS IN TRANSPLANTED 

MURINE MELANOMAS. Cherrie K. Donawho, Margaret L. Kripke, Corazon 
Bucana, Pat Cox, and H. Konrad Muller'. Department of Immunology, University 
of Texas M.D. Anderson Cancer Center, Houston, TX. and 'Department of 
Pathology, Royal Hobart Hospital, Hobart, Tasmania. 

We are using a syngeneic murine model to investigate the possible contributions of 
UV radiation to the pathogenesis of melanoma. We demonstrated that the 
incidence of murine melanomas was significantly increased when melanoma cells 
were injected into the skin of mice exposed locally to UV-B (280-320 nm) 
radiation. This effect of UV-B on tumor development is immunologically 
mediated, and tumor immunity is impaired within the UV-irradiated site. To test 
the hypothesis that UV inhibits the infiltration of immunological effector cells into 
UV-irradiated skin, we examined histologically the mononuclear lymphoid cells 
present within these tumors. C3H mice were exposed to 4.8 Urn* UV-B from 
FS40 sunlamps twice a week for 3 weeks before injection with 2 X 105 K1735 
melanoma cells into the exposed pinna. Tumors were removed for histological 
examination at weekly intervals. The tumors were frozen in liquid N2, sectioned, 
and incubated with anti-Lyt2, -L3T4, and -CD3 to detect T cell subsets and 
anti-F480 and -MOMA to detect macrophages. The positive cells were visualized 
with a second gold-labeled antibody. During the first 3 weeks of tumor 
development there was a marked increase in the number of Ly2+, L3T4t, and 
CD3+ celis in the tumors from the unirradiated-control group: however, these 
increases were considerably less or not observed in the tumors from the UV- 
irradiated group. In contrast, there was a gradual increase in the number of 
F480+ macrophages and activated (MOMAt) macrophages during the 5 weeks 
of tumor growth in both groups. These findings demonstrate that fewer T cells 
infiltrate tumors growing in the UV-irradiated site, and thus supports the hy- 
pothesis that UV irradiation may increase the incidence of melanomas by in- 
hibiting the influx of anti-tumor T effector cells. 

NZ 606 MONOCLONAL ANTIBODIES AGAINST REGULATORY T 
CELL FACTORS ALTER THE MDUCTION AND 

PROGRESSIVE GROWTH OF MALIGNANT CELLS. Patrick M .  
Flood and Branka Horvat. Departments o f  Microbiology and Immunology 
and Periodontics, University o f  North Carolina, Chapel Hill, NC 27514, 
and the Howard Hughes Medical Institute, Department o f  Pathology, Yale 
University, New Haven, CT, 06510. 
Immunotherapeutic treatments o f  animals with monoclonal antibodies to 
regulatory T cell factors leads to profound resistance to tumor induction in 
animals chronically exposed to Ultraviolet 0 light, as well as to the 
outgrowth o f  transplanted UV- or chemically-induced tumors. The 
efficacy o f  the treatment was found to be dependent on both the route o f  
injection o f  the monoclonal antibody, as well as the doses o f  antibody 
injected Therapeutic treatment o f  animals with monoclonal antibodies to 
regulatory T cell factors throughout the 40 week period o f  induction o f  
/W tumors by chronic exposure to ultraviolet light leads to the total 
elimination o f  tumorogenesis in mice. In addition, initiation o f  therapeutic 
treatments o f  animals concurrent with transplantation o f  lethal doses o f  
W - o r  chemically induced tumors prevented the outgrowth o f  these 
tumors. The therapeutic uses o f  these antibodies were even more effective 
when used in synergy with rIL-2. Simultaneous injections o f  monoclonal 
antibodies and 10,000 units o f  rIL-2 initiated 2 weeks after the 
transplantation o f  UV- or chemically-induced tumors leads to total 
regression o f  the progressively growing tumor cells. Animals "cured" o f  
their progressively growing malignancy exhibit antigen-specific CTL 
activity against the transplanted tumor, as well as transplantation resistance 
to the injection o f  homologous tumor cells. Characterization o f  the factor 
recognized by the monoclonal antibodies shows that this factor appears to 
be a secretory form o f  the T cell antigen receptor a chain, and indeed 
therapeutic intervention using a monoclonal antibody against the TcR a 
chain shows similar results. This work i s  supported by grant DE-09426 
from the National Institutes o f  Health. 

NZ 605 GENERATION OF LEUKEMIA-R€ACTIVE CYTOTOXIC 
T LYMPHOCYTE (CTL) LINES FOR TREATMENT OF 

RELAPSE LEUKEMIA AFTER HU-IDENTICAL BONE MARROW 
TRANSPLANTATION, J.H.Frederik Falkenburg, Laura M. Faber, Paul 
J. Voogt. Simone A.P. Van Luxemburg-Heijs, Annelies L. Hooftman- 
Den Otter, Marion M. van de Elshout and Roe1 Willemze, Laboratory 
of Experimental Hematology, Department of Hematology, University 
Medical Center Leiden. the Netherlands. 
Previously, we have demonstrated that leukemia-reactive CTL lines 
and clones could be generated from HLA-identical siblings of patients 
with acute myeloid leukemia (AML) or chronic myeloid leukemia 
(CML). Both HLA-class I and II restricted CTL clones could be isolated 
that showed specific reactivity with the leukemic cells. Recently, it has 
been shown that administration of donor peripheral blood leukocytes 
(Pbl) to patients with a relapse CML after BMT may result in a 
complete remission, although a high incidence of graft versus host 
disease (GVHD) has been observed. We investigated whether donor- 
derived CTL-lines recognizing the leukemic cells from patients who 
relapsed following BMT could be generated in-vitro from Pbl from 
their HLA-identical sibling donors. Eight HLA-identical sibling 
combinations were tested, 5 patients with AML, 2 patients with CML 
chronic phase, and 1 patient with Ph' chromosome positive ALL. 
Donor Pbl were stimulated with irradiated leukemic cells from the 
patients. After 6 days, T-cell growth medium containing IL-2 was 
added, and every week the responder cells were restimulated with 
irradiated leukemic cells from the patient. In 7 out of 8 combinations, 
antileukemic CTL-lines could be established. In 5 combinations, the 
CTL-lines reacted with the leukemic cells, but not with the PHA- 
stimulated T lymphocytes from the same patient or from the donor in 
a "Cr release assay. In 2 combinations, the CTL recognized both 
leukemic cells and PHA blasts from the patient, but not from the 
donor. a-Interferon appeared to facilitate the generation of CTL res- 
ponses against leukemic cells from the patient with CML, although 
proliferation of the CTL lines clearly decreased in the presence of a- 
Interferon. These results illustrate that leukemia-reactive CTL lines can 
be generated in-vitro from HLA-identical donors of patients with 
leukemia, and therefore may be used as immunotherapeutic agents 
in the treatment of leukemic relapses following allogeneic BMT. 

NZ607 TREATMENT OF ESTABLISHED WRINE RENAL CELL CARCINOMA 
WITH FIAVONE-8-ACETIC ACID (FAA) AND rhIL-2 CORREIATES 

WITH REVERSAL OF TUMOR-INDUCED T-CELL SIGNAL TRANSDUCTION 
DEFECTS, Jose L. Franco'. Robert H. Wiltrout'. Hiromoto 
Mizoguchi', August0 C. Ochoa', John J. O'Shea', Dan L. Longo' 
and Kristin L. Komschlies'. 'Laboratory of Experimental 
Immunology. 3BiologicalResponse Modifiers Program; 'Clinical 
Services Program, 'Biological Carcinogenesis and Development 
Program, PRI/DynCorp; NCI-Frederick Cancer Research and 
Development Center, Frederick, HD 21702-1201. 
Conventional chemotherapy for renal cell carcinoma is 
relatively ineffective, but some anti-tumor effects have been 
observed with biological response modifiers (BRM). Previous 
studies from our laboratory have demonstrated that FAA + 
rhIL-2 successfully treats about 80% of BALB/c mice bearing 
established murine renal cancer (Renca) with subsequent 
resistance to rechallenge. Using mice depleted of T-cell 
subsets, we have demonstrated that CD8' T cells are critical 
for the anti-tumor response generated with FAA and rhIL-2. 
Recently, Mizoguchi et al. (Science, in press) have 
demonstrated that T cells from mice bearing the experimental 
murine colon tumor MCA-38 have profound alterations in their 
signal transduction processes. Based on these observations. 
we have begun to examine how the immune system is 
circumvented during tumor progression and how FAA and rhIL-2 
act as an effective anti-tumor therapy by determining if this 
combination is able to reverse these T-cell defects. Splenic 
T cells from Renca-bearing mice also show profound 
alterations in the tyrosine phosphorylation pattern. 
associated with reduced levels of p56lCk, p59'm, PLCy1 and 
zeta ( r )  chain of the CD3-complex. The treatment with FAA 
and rhIL-2 reverses these T-cell changes in those mice that 
respond to therapy. This finding suggests that the FAA and 
rhIL-2 therapy may act by reversing negative effects that 
Renca may have on T cells, thus restoring the signal 
transduction pathways and allowing the T cells to mount an 
effective anti-tumor response. 
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NZ 608 HUMAN ANTI-MOUSE ANTIBODIES (HAMA) GENERATED 

DO NOT INHIBIT OCITR-MEDIATED CYTOLYSIS DURING THE 
TREATMENT PERIOD, JW Gratama. CHJ Lamers. H Van Haarlem., 
SO Warnaar', BA Luider. and RLH Bolhuis. Department of ImmU- 
nology, Daniel den Hoed Cancer Center, Rotterdam, and Centocor 
Leiden'. The Netherlands. 
The bispecific antibody (BsAb) OCITR, specific for lymphocyte CD3 
and for the ovarian carcinoma-associated antigen MOvl8 .  is used 
for treatment of ovarian cancer in a Phase 1/11 study. Eight patients 
received intraperitoneal infusions with activated T lymphocytes 
targeted with Flab92 fragments of OC/TR. The Phase I (days 1-4) 
constited of increasing doses (1 0'-1 09) of OC/TR-targeted 
lymphocytes only, whereas in the Phase I I  (days 7-14. and days 28- 
34) patients received daily infusions of lo9  lymphocytes with 2mg 
OC/TR. We studied the human anti-mouse antibody (HAMAI 
responses in these patients. All patients developed HAMA (IgG) in 
serum and peritoneal fluid, respectively from 2 and 3 weeks of 
treatment onwards, with maximum titers reached 2-3 weeks after 
the second therapeutic cycle. The reactivity of HAMA with OC/TR 
was much stronger than with an irrelevant BsAb (C95). suggesting 
an anti-idiotypic response. This supposition is confirmed functionally 
in a cytoxicity assay. Following therapy. serum and peritoneal fluid 
of patients aquired the ability to inhibit the OC/TR-triggered cytoly- 
sis of the ovarian carcinoma cell line Igrov-1 by blocking both the 
MOv18 and CD3 idiotype of the OC/TR. This inhibition was 
detected in peritoneal fluid of only 1 of 8 patients during treatment 
period (up to day 351. In another patient peritoneal fluid, obtained 
after a third therapeutic cycle (days 48-52), completely inhibited the 
OC/TR-mediated cytolysis, even when free OC/TR (1000 ng/ml) 
was added in the assay. These results are in agreement with our 
published dara that only relative large amounts of anti-CD3 or anti- 
MOv18 MAb. in relation to the amount of BsAb, inhibit BsAb-trig- 
gered CTX. Furthermore. we have detected a functional affinity 
maturation of HAMA in the patient receiving three therapeutic 
cycles. We conclude that the BsAb adoptive immunotherapy at mg 
levels of BsAb per day should not be given beyond 35 days of 
treatment. These results have important implications for the design 
of future studies using bsAb-mediated adoptive immunotherapy. 

BY INFUSIONS WITH OC/TR-TARGETED LYMPHOCYTES 

NZ 610 Hayashi, Robert J. , and Pardoll, Drew M. De- 
partment of Oncology and Pediatrics, The Johns 
Hopkins School of Medicine. 

LYMPHOKINE EXPRESSION OF T CELLS IN RESPONSE TO 
LYMPHOKINE TRANSDUCED TUMORS 

T cells play a prominent role in the response in certain murine 
tumor systems. Various cytokines transduced into murine 
tumors have been shown to elicit a T cell mediated response 
against them. To further characterize this response, we have 
developed a system to measure lymphokine expression using 
quantitative PCR. Mice immunized with cytokine transduced 
tumors were analyzed at various time points in the evolving 
response. Using monoclonal reagents coupled to magnetic 
beads, specific T cell subsets from draining lymph node cells 
were isolated from contaminating cells with a magnetic column 
to greater than 90% purity. RNA isolated from these purified T 
cell populations are then analyzed for expression of IL-2, IL-4, 
and y IFN using PCR coupled to a reverse transcriptase 
reaction. Quantitation of this lymphokine expression is 
achieved by comparing the amplified message with the 
amplification of a synthetic RNA standard template which 
contains the sequences of the primers specific for the 
lymphokines of interest. Using this technique, the pattern of 
lymphokine expression of both CD 4 and CD 8 cells have been 
characterized, demonstrating both the evolution of the 
expression of lymphokines during the response to the 
immunizing tumor and thus the nature of lymphokine 
expression necessary to elicit tumor specific immunologic 
responses. 

NZ6090PTIMlZATlON OF IN V I V O  INDUCTION OF 
IMMUNOLOGIC CONDITIONS ABLE TO MEDIATE 

ANTIBODY DEPENDENT CYTOTOXICITY VIA MULTIPLE 
EFFECTOR CELLS, Jacquelyn A. Hank, Dan Burns, Jacek Gan, 
Jean Surfus. Kristin Tans, Joan Schiller, Paul M.  Sondel. 
Department of Human Oncology, University of Wisconsin. 
Madison, WI 53792 
In Vivo IL-2 dramatically augments the ability of peripheral blood 
mononuclear cells (PBMC) to mediate antibody dependent cell 
mediated cytotoxicity (ADCC) in virro. We have shown that 
combination of murine anti-GD-2 monoclonal antibody 14.G2a 
with IL-2 in neuroblastoma patients induces in vivo conditions 
simulating in vitro ADCC. One hour following an infusion of 
14.G2a. functional antibody could be detected and quantitated by 
a cell binding flow cytometric method. This post infusion serum. 
containing functional antibody, was able to serve as an effective 
source of antibody for ADCC mediated by PBMC obtained from 
the patient following therapy. Thus, this combined regimen 
generates conditions within the peripheral blood of neuroblastoma 
patients that enable their own Fc receptor bearing lymphocytes to 
recognize and destroy tumor with the anti-tumor antibody found 
in the patient's serum. While IL-2 activates CD 16+ Fc receptor 
bearing lymphocytes to mediate ADCC, other effectors are also 
capable of mediating anti-tumor ADCC. These include the 
monocytelmacrophage and polymorphonuclear neutrophil IPMN). 
We are currently combining IL-2 with GM-CSF in vivo in a phase 
16 study in cancer patients and examining ADCC rnediated by 
PMNs and activation of monocytes as detected by increased 
expression of HLA Class I1 and Fc receptors, and increased binding 
to tumor cells in vitro with and without anti-tumor monoclonal 
antibody. Results of the immunologic monitoring will be 
presented, and further studies will evaluate additional patients 
treated with regimens of cytokines combined with antitumor 
monoclonal antibody to determine to what extent conditions 
which evoke ADCC in vivo with lymphocytes, macrophages and 
PMNs will elicit anti-tumor responses. 

NZ 61 1 

BY REPETITIVE WEEKLY INFUSION TO NORMAL DOGS 
Stuart C. Helfand and Steve A. Soergel, Department of Medical 
Sciences, School o f  Veterinary Medicine, University of 
Wisconsin, Madison, WI 53706 

Four normal adult dogs received two consecutive weekly cycles 
of human recombinant interleukin-2 (IL-2) by  continuous 
infusion for 4 days/week. The dose of IL-2 given to each dog 
was 3 x 106 units/m*/day. Toxicities consisted of mild 
vomiting, diarrhea, and lethargy to varying degrees in all the 
dogs. These side effects were reversed when the treatment was 
discontinued. A marked lymphocytosis developed in all dogs 
after completion of each course of IL-2 and persisted for more 
than one month in some. Fresh peripheral blood lymphocytes 
(PBL) obtained during th is  lymphocytosis mediated enhanced 
lysis in vitro of a natural killer cell-sensitive canine tumor cell 
line (CTAC). The in vitro proliferative responses of these 
same PBL to IL-2 could be detected earlier, progressed faster, 
and involved more cells than PBL tested prior to IL-2 infusion. 
Thus, a relatively well-tolerated regime of IL-2 in dogs can 
induce dramatic increases in lymphocyte numbers and 
activation which i s  associated w i th  augmentation of their in 
vitro antitumor reactivity. The clinical effectiveness of this 
immunotherapeutic approach remains to be tested in tumor- 
bearing dogs where i t  could serve as a relevant large animal 
model for immunotherapy of cancer wi th IL-2. 

CLINICAL AND IMMUNOLOGICAL EFFECTS OF 
H U M A N  RECOMBINANT INTERLEUKIN-2 GIVEN 
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NZ 612SPECIFIC ANTI-TUMOR IMMUNE RESPONSES 
GENEFATED DURING THE PROGRESSION OF A RAT 
MALIGNANT GLIOMA, Frank P. Holladay and Gary W. 

Wood, Departments of Pathology and Surgery, University of 
Kansas Medical Center, Kansas City, KS 66160-7410 

A study was conducted to determine whether an 
immunogenic, highly malignant avian sarcoma virus (ASV)- 
induced rat glioma (RT2) generates cytotoxic immune 
responses during its progression. RT2-specific primed 
lymphocytes may be produced by immunizing immunologically 
naive rats with tumor cells and C. D a m .  Specific 
differentiation of primed cells may be stimulated in 
vitro with RT2 tumor cells and IL-2. Subcutaneous 
progression of RT2 produced primed precursors for ASV- 
induced glioma-specific cytotoxic immune cells. There 
was no evidence for suppression of priming as tumors 
incereased in size. In contrast, intracerebral 
progression of RT2 failed to generate primed precursors. 
When rats bearing intracerebral gliomas were immunized 
subcutaneously with RT2 and C. D a m  the rats also were 
primed, demonstrating that failure of intracerebral tumor 
to prime was not due to suppression. When rats bearing 
intracerebral glioma were treated on day five of tumor 
growth by intravenous injection of terminally 
differentiated immune lymphocyte populations and a 5 day 
course of systemic IL-2, rats were cured of their tumor. 
Immune effector cells could be generated either from 
immunized normal rats or from immunized progressor rats. 
IL-2 was essential for successful therapy. Various 
control treatments, including similar numbers of w( 

cells that effectively killed all of the tumor target 
cells, had no effect on tumor growth. The results 
denonstrated that rapidly progressing malignant brain 
tumors may be treated effectively by systemic 
administration of tumor specific immune cells and IL-2. 

NZ614DIETBYLCARBAMAZINE TREATXENT OF XCA-106 
SARCOKA-INOCULATED XICE, Lynn 1. Kitchen 
and James A. Ross, Department of 
Xedicine, Xarshall University Bchool of 
Xedicine and Veterats Ahinistration 
Xedical Center, Huntington, rp 25704, 
USA. 

A central question in cancer research is 
whether immunization with tumor antigens can 
mitigate subsequent metastatic tumor spread. 
The effect of diethylcarbamaaine (N,N- 
diethyl-4-methyl-1-piperaaine carboxaaide 
[DEC)) in conjunction with gradually 
increasing doses of tumor cells was studied 
using an established tumor mouse model. We 
chose to work with DEC because our previous 
research on feline and murine leukemia virus 
models (J Clin Lab Immunol 25:lOl-3 and 
27:179-81, 1988; 33:97-105, 1990) and 
bacterial and fungal mouse models (w 
atimicrob Aqents, in press) indicates that 
DEC treatment enhances host immune response 
to a variety of infectious agents. In the 
current experiments, prior intravenous 
injection of mice with 2 small doses of XCA- 
106 cells did not prevent metastatic spread 
to left lung subsequent to a third large 
injection of tumor cells, whether or not the 
mice received DEC treatment. Fewer DEC- 
treated mice given only one or two XCA-106 
doses had left lung tumors than non-DBC- 
treated mice, but the results did not reach 
statistical significance. These results 
suggest that the anti-infective effect of DEC 
may be stronger than its direct antitumor 
ef f ect . 

NZ 613ADOPTTVE IMMUNOTHERAPY WITH NORMAL DONOR 
CELLS AFIER ALLOGENEIC BONE MARROW 

TRANSPLANTATION PROVIDES AN ANTILEUKEMIA 
RESPONSE WITHOUT GRAFT-VS-HOST DISEASE, Bryon D. 
Johnson, Michael B. Weiler and Robert L. Truitt, Medical College of 
Wisconsin, Milwaukee, WI 53226 
Allogeneic bone marrow transplantation (BMT) is now commonly used 
in the treatment of leukemia. A major problem of allogeneic BMT is 
graft-vs-host disease (GVHD). GVHD can be eliminated by depleting 
mature donor T cells from the BM inoculum. However, T cell depletion 
often results in an increased incidence of graft rejection and increased 
frequency of leukemia relapse. We have used MHC-matched, 
allogeneic [BIO.BR into AKR] and haplotype-mismatched [SJL into 
(SJLxAKR)Fl] murine BMT models to develop strategies for avoiding 
GVHD while still providing an antileukemia or graft-vs-leukemia 
(GVL) effect, which is primarily mediated by donor T cells. AKR 
recipient mice preconditioned with 9 Gy total body irradiation (LDm) 
and transplanted with B1O.BR bone marrow did not develop clinical 
GVHD and became long-term, mixed donor-host T cell chimeras. In 
this transplant model, incomplete donor T cell chimerism is associated 
with decreased GVL reactivity. AKR hosts transplanted with 
10 x 106 BIO.BR bone marrow cells admixed with 30 x 106 B1O.BR 
spleen cells (as a source of T cells) rapidly became complete donor T 
cell chimeras, but only 5% of the mice survived due to the development 
of severe GVHD. When infusion of donor spleen cells (30 x 106) was 
delayed until 21 days after transplantation with B 10.BR bone marrow, 
few mice exhibited any signs of clinical GVHD and 96% of the mice 
became long-term survivors. Importantly, the infused spleen cells 
induced complete donor T cell chimerism in AKR recipients by 21 days 
after infusion and the cells were able to mount an in vivo antileukemia 
effect. Multiple constant doses and incremental doses of spleen cells 
have also been administered to AKR recipients post-BMT without any 
evidence of GVHD. In the haplotype-mismatced BMT model, F1 hosts 
that received post-transplant SJL spleen cell infusions also did not 
develop GVHD. Thus, post-transplant imrnunotherapy with normal 
mononuclear cells from the transplant donor may be an effective way of 
eliminating residual disease or treating leukemia relapse without 
significant GVHD. 

NZ615 THE IN VIVO EFFECTS OF rhIL7 ON T-CELL NUMBER AND 
FUNCTION IN NORMAL OR TUMOR-BEARING MICE. Kristin L. 

Komschlies', William J. Murphy', Dan L. Longo', Theresa A .  
Gregorio', and Robert H. Wiltrout'. 'Biological Carcinogenesis 
and Development Program, PRI/DynCorp and 'Biological Response 
Modifiers Program, NCI-FCRDC. Frederick, MD 21702-1201. 
IL7, originally described as a B-cell lineage growth factor, 
has also been shown in vitro to enhance T-cell responses to 
various stimuli. Administration of IL7 to mice for one week 
increases the numbers of splenic pre-B cells, B cells and T 
cells by 3 -  to 4-fold. The increase in T cells is due 
primarily to a preferential expansion of CDB' T cells, 
resulting in an alteration of the CD4:CDB ratio from 1.5:l to 
1:2. Further, the increase in T-cell numbers is predominantly 
due to an expansion of peripheral T cells rather than 
recruitment from the thymus. To determine whether in vivo 
administration of rhIL7 affects T-cell function, splenic T 
cells from mice treated with 10pg of rhIL7 twice a day for 7 
days were tested for their responses to various in vitro 
stimuli. These results demonstrate that T cells from rhIL7- 
treated mice proliferate to Con A, PHA, allogeneic cells and 
anti-CD3 antibody more rapidly and to higher levels compared 
to controls. Intraepithelial lymphocytes (IEL) also increase 
2-fold in number with in vivo treatment of rhIL7; however, 
their proliferative capacity to either anti-CD3 and rhIL2 or 
to PMA and ionomycin is not enhanced. Subsequent studies have 
also shown that rhIL7 has anti-metastatic effects against both 
murine colon and renal tumors in syngeneic mice with up to a 
90% reduction in the number of pulmonary metastases. These 
anti-metastatic effects are accompanied by up to a 9-fold 
increase in splenic and lung T-cell numbers and an alteration 
in the CD4:CDB ratio from 1.6:l to 1:Z.B compared to HBSS 
treated tumor-bearing mice, We have also injected human PBL 
or  T cells and rhIL7 into SCID mice bearing the HT-29 human 
colon tumor and demonstrated that human T cells in combination 
with rhIL7 delayed the appearance of HT-29. and extended 
survival compared to human lymphocytes or rhIL7 alone. These 
data support the conclusion that in vivo administration of IL7 
increases the functional capacity of T cells and contributes 
to T cell-dependent effects against both mouse and human 
tumors. 

133 



Cellular Immunity and the Immunotherapy of Cancer 

NZ 616 TUMOR ASSOCIATED MAST CELLS AND MACROPHAGES 
AND THEIR PRODUCT TNF-a ARE INVOLVED IN B-GLUCAN AND 
LPS INDUCED MODULATION OF Meth A FIBROSARCOMA 
GROWTH, Zbigniew Konopski. Baldur Sveinbj~msson and Rolf Seljelid, 
Department of Experimental Pathology, Institute of Medical Biology, 
University of Tromse, N-9037 Troms0, Norway. 

CB6FI mice were injected S.C. with syngenic Meth A fibrowcoma cells 
added low dosis of 0-glucan or LPS (BT-tumor and LT-tumor respectively) 
on one side of abdomen and with Meth A cells only (cBT-tumor growing 
with BT and cLT-tumor gowing with LT) on the other side. Growth of OT 
and LT was much faster, while growth of COT and cLT was slower 
compared to control tumors. Histologic examination showed that BT and 
LT contained a big central necrosis and few small focal necrotic areas. cBT 
and cLT contained central necrotic areas, while control tumors did not 
show any necrosis. Immunohistochemicaily. using anti-mouse macrophage 
antibodies (F4/XO) we identified two types of tumor associated 
macrophages; connective tissue macrophages (CTM) surrounding tumor 
and tumor infilnating macrophages (TIM) in the tumors. CTM were TNFa 
positive in all examined tumors as shown by immunohistochemisny using 
anti-mouse TNF-a antibody. In the fast growing tumors (BT and L p  two 
types of TIM were identified . One type was TNF-a positive located on the 
border between necrotic and non necrotic tissue and focally in non necrotic 
tissue. The other type was TNF-a negative located in non necrotic tissue. 
Both OT and LT contained increased number of mast cells in the connective 
tissue surrounding tumor (CTMc) (++) and tumor infiltrating mast cells 
(TIMc) (++) as shown by specific staining. TIM in cBT (the slow growing 
tumor) expressed TNF-a positivity on the border between necrotic and non 
necrotic tissue only. cBT had increased number of CTMc (++) but no 
TIMc. TIM in cLT (the second slow growing tumor) expressed TNF-a 
positivity similar to cllT and additionally in some focal areas in non necrotic 
tissue. There was increased number of CTMc (+++) and TIMc (++) in 
cLT. Control tumors did not contain any TIMc and very few (+) 
CTMc.Their TIM were TNF-a negative. All CTMc were elongated, less 
spread than TIMc and were TNF-a positive. In OT and LT,TIMc were well 
spread and strongly TNF-a positive. Our results so far demonstrate 
involvment of tumor associated mast cells, macrophages and TNF-a in B- 
glucan and LPS induced modulation of tumor growth. 

NZ618 IMMUNOTHERAPY OF MINIMAL RESIDUAL DISEASE (MRD) BY 
ALLOGENEIC PERIPHERAL BLOOD LYMPHOCYTES FOLLOWING 

AUTOLOGOUS BONE MARROW TRANSPLANTATION (ABMT): 
IMMUNOLOGICAL EVALUATION, Shoshana Morecki, Aliza 
Ackerstein, Arnon Nagler, Yael Puyesky, Reuven Or, Ella 
Naparstek, Paul Drakos, Joseph Kapelushnik, Maria Deluikina 
and Shimon Slavin, BMT Dept. and Cancer Imunobiology 
Research Laboratory, Hadassah University Hospital, 
Jerusalem 91120, Israel. 
A clinical trial is currently underway investigating the 
feasibility and clinical efficacy of cell-mediated (CMI) as 
well as cell-mediated cytokine activated immunotherapy 
(CCI) using allogeneic peripheral blood lymphocytes for 
prevention and/or treatment of relapse following ABMT. 
Immunological parameters were evaluated in 9 patiens (CML 
2 ,  Acute Leukemia 5 ,  non-Hodgkin's Lymphoma 21 ,  age of 1.5- 
57 years (median 38), treated with fully matched (n=4) or 
mismatched (n=5) 10"-107 cells/kg (CMI) 1-12 wks post 
ABMT followed by another dose of l o 7  cellslkg 
concomitantly with 1-3  days of rIL-2 (6x10" IU/mz/day) 
(CCI) given one month later, pending no graft vs.  host 
disease. Blood samples were collected prior to CMI, pre-and 
post CCI and 12 wks post CMI. Results showed an improved 
reconstitution of T cell-dependent mitogenic responses at 
12 wks post CMI, while no major changes in cell surface 
markers characteristics of T cells, B cells, monocytes and 
NK cells post CMI and CCI. Soluble IL-ZR was increased in 
313 evaluated patients upon termination of rIL-2 treatment. 
Spontaneous non-MHC restricted cytotoxicity directed 
against NK-sensitive (K562) was markedly increased post CCI 
in 5/5 patients treated with mismatched allogeneic cells 
and was not affected or decreased in 4 / 4  patients treated 
with matched allogeneic cells. Cytotoxicity directed 
against NK resistent targets cells (Daudi) was increased in 
both matched ( 3 / 4 )  and mismatched ( 5 / 5 )  CCI treated 
patients. The results indicated that both CMI and CCI could 
activate the host defence immune system thus supporting the 
potential role of cell therapy in mediating possible in 
vivo anti-tumor response in patients with MRD post ABMT. 

NZ617 INDUCTION OF LYMPHOMA-REACTIVE HUMAN T CELLS IN SCID 
MICE, Vera Malkovska and Francine Cigel, Department 

of Medicine, University of Wisconsin, Madison, W I  53792 
The in vitro culture of human peripheral blood lymphocytes 
(PBL) with Daudi (Burkitt lymphoma) cells results in 
selective proliferation of Vy9/V62 T cells with high 
cytotoxic activity against Daudi lymphoma. To test whether 
cytotoxic Vy9/V62 T cells can be induced in SCID mice, 10' 
human PBL and 2x10' irradiated (11,000 cGy) Daudi cells were 
injected i.p. into each of t e n  SCID mice. Control animals 
received either PBL alone or PBL and Raji Burkitt lymphoma. 
After 7-14 days, flow cytometry analysis of cells recovered 
from PBL+Daudi treated mice showed that 13-69% cells from 
peritoneal cavity, 7-21% cells from pooled lymph nodes and 
3-11% of nucleated blood cells double stained with 883 
(specific for V62) and TiyA (specific for Vy9) monoclonal 
antibodies (MoAb). In control animals, human y6 T cells 
represented 1-13% o f  peritoneal cavity cells, 0-2% lymph node 
cells and 0-2% blood cells. Surface antigen staining with 
TCR-16-1 combined with DNA staining of cells from PBLtDaudi 
treated mice showed significantly higher numbers of human y6 
T cells in S phase compared to controls. Cells recovered 
from the peritoneal cavity of PBLtDaudi treated mice showed 
high cytotoxic activity against Daudi lymphoma (17-66% 
specific lysis at 20:l E:T ratio) but not against control 
human and murine targets (4% specific lysis at 2O:l E:T) in 
a 51 Cr-release assay. Depletion experiments with MoAb and 
magnetic beads showed that the cytotoxic activity against 
Daudi was exerted by human cells (Ly-5 negative) and not 
murine cells (HLe-1 negative). Cells recovered from control 
mice showed -30% specific lysis of Daudi targets at 20:l E:T. 
These data demonstrate that human antigen-driven T cells are 
functionally active in SCID mice. This opens the possibility 
to develop in vivQ models for studying human T cell 
responses. 

NZ 619 Local Administration of Interleukin-12 Blocks In 

Sarcoma Nasta1a.t CL, Edingt0n.t H. McKinney,t TG, Tahar3.t H, 
Brunda', M, Gately'. M, and MT Lotze'. tDepartments of Surgerq. 
Biochemistry and Molecular Genetics, University of Pittsburgh and 
'Hoffmann La-Rcche, Nutley, NJ. 
Anti-tumor propemes of recombinant murine interleuhn-12 (r-mlL-12) 
are suggested in v i m  by potent augmenntion of NK lytic acl:\ ity and 
IFN-I induction. Our recent observation that local (paracnne) r-mlL-12 
production in vivo by fibroblasts tmnsfected with the IL-12 genes delays 
growth of melanoma prompted this investigation of the effect of local 
rmIL-12 administmuon on tumor growth. Direct daly subcutaneous (sc) 
r-mIL-12 administration of 1.0 and 0.lug on day1 folloning sc 
innoculation of 1x10s MC-38 adencarcinoma cells \vi11 abroaate 
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4 -Q- IL-12 TI 

progression of tumor grmrh in 
C57BU6 mice (Fig 1 )  When 
mIL-12 is administered on day 
5 folloNing innoculdtion of 
MCA-105 sarcoma, grotvth of 
established tumors 15 arrested 
during the treatment regimen 
Tumor regression by 1--12 was 
apparent i n  not onl) tumors 
direct11 injected but in "sentinel" 
(untreated) tumors at a distant 
site (Fig 2) A combinition of 
interleulun-2 (IL-2) n i t b  r-mIL- 
12 is equallq as effective as  
rmlL-12 i n  abrogating t u m o r  
growth, but tumor progression 
occurs when IL-2 is used alone 
No apparent toxicity wds noted 
in the IL-12 treatment groups, 

although splenomegaly was consistently observed Splenocvte total 
mononuclear cell counts were decreased overall and phenotypiLanal ysis 
suggests a relative increase in T-cells Tumor immunohistochemical 
analysis and W L A K  activity of the groups are being investigated 
These results demonstrate potent murine anti-tumor effecls of IL-12 
serving as a rationale both for phase I human trials and continued 
invesugauon into gene therapy with r-mIL-12 
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NZ620 INTERLEUKIN-2 GENE TRANSFER INTO A NON- 
IMMUNOGENIC BRONCHIAL TUMOR CELL LINE 

REDUCES TUMOR TAKE AND INDUCES ANTITUMOR 
IMMUNITY. J.L.Noteboom, D.Valerio and D.W.van Bekkum, 
Institute for Applied Radiobiology and Immunology, TNO Health 
Organization, P.O.Box 5815,2280 HV. Rijswijk, the Netherlands. 

The prognosis of lung cancer patients is still very poor. A 
novel method to evoke host derived anti-tumor immune responses is 
grafting of tumor cells that produce high amounts of certain cytokines 
resulting in their rejection and sometimes also in the rejection of co- 
transplanted parental tumor cells. This has been shown in a variety of 
immunogenic tumors in laboratory animals. We currently investigate to 
which extend inoculation of cytokine producing lung tumor cells could 
be beneficial in lung cancer. The experiments are performed in a panel of 
transplantable rat bronchial cancers that have many properties in 
common with human lung tumors, especially non-immunogenicity. We 
report on the fust experiments with the tumor cell lines, that have been 
genetically modified to produce IL-2. The tumor cells were infected with 
the supernatant of a psi-2 cell line producing the ecotropic retroviral 
vector pLJ-IL-2, encoding mouse 11-2, promoted by the viral long 
terminal repeat (LTR) and the neomycin resistance gene (NeoR) under 
control of the SV40 promotor. Infected cells were selected for the NeoR- 
gene with neomycin (lmg/ml). cloned and expanded. Supernatant of 15 
clones was rested for IL-2 concentration in the W,J .-7. 3H-*hym;.?ir,e 
incorporation assay according to Gillis et al. (1978). Subsequent in vivo 
experiments were performed with clones expressing high levels of 11-2. 
Tumor take as a function of cell dose was reduced. We then tested tumor 
take of in rats that had been pretreated with a non-tumorigenic dose of 
cells from the IL-2 producing L44 clone. The results show that L44 cells 
that produce IL-2 have become immunogenic. These observations 
implicate that it is possible to duect the immune system towards non- 
antigenic bronchial cancer. The strategy so far has not resulted in amajor 
therapeutic effect 

NZ622 EXTENDED SURVIVAL OF CLINICALLY FAVORABLE PATIENTS 
WITH METASTATIC RENAL CELL CARCINOMA (RCC) TREATED 

WITH EX VIVO ACTIVATED MEMORY T-CELLS (AUTOLYMPHOCYTE 
THERAPY). Susan D. Ross, Philip T. Lavin. Jeffrey Martin, 
Fred Hiesowicz, and Michael E. Osband. Cellcor, Inc.. and 
Boston Biostatistics, Inc., Newton, MA, and Boston 
University School of Medicine, Boston, MA. 
Autolymphocyte therapy (ALT) is outpatient adoptive 
immunotherapy using memory T-cells activated ex vivo by a 
combination of OKT3. a mitogenic monoclonal antibody 
directed against the CD3 portion of the T-cell receptor, 
and a mixture of autologous cytokines. Patients also 
receive oral cimetidine to block suppressor T-cells. We 
have previously described that in a randomized clinical 
trial ALT prolonged survival, induced durable tumor 
responses, and was accompanied by minimal toxicity. We 
have an active clinical database that currently has 
comprehensive information on 543 RCC patients. 
Multivariate analysis describes a series of clinical 
factors that are associated with an unfavorable survival 
outcome including: performance status > 2 ,  hypercalcemia 
(Ca > 11.5), thrombocytosis (platelets-> 500,000). anemia 
(Hct 35%). brain metastases, steroid use, sarcomatoid 
histology, and poorly differentiated pathology. Presence 
of 1 o r  more of these factors defines a clinically 
unfavorable group, while absence of all risk factors 
defines a clinically favorable group. In the literature, 
patients who are described as clinically favorable, by 
various crireria, have survival of 7-12 months (e.g., 
Elson. et al, Cancer Res L8:7310. 1988). In our database, 
clinically favorable patiencs who have not received ALT, 
have a median survival of 14 months. Since the conclusion 
of the randomized trial, 78 clinically favorable patients 
have received ALT (defined as mean cell infusion > 600 
million ex vivo activated cells prepared from an 
appropriate autologous cytokine mixture, and patient 
taking > liOO mg/day cimetidine). Median follow-up on 
these 78 patients is 11 months. At 1 year, 81% of these 
patients remain alive and the median survival has not yet 
been reached. The Cox proportional hazards model predicts 
that the median survival on these patients will be > 32 
months, representing a 2 - 3  fold advantage over expected 
survival for clinically comparable patients. Toxicity in 
these 78 treated patients has been minimal: 98/1170 (8.9%) 
of pheresis/infusion procedures were accompanied by Grade 
1-2 adverse reaction; no Grade 3 o r  4 adverse reactions 
occurred. This prolonged survival and minimal toxicity 
suggests that ALT should be considered as a treatment 
alternative for clinically favorable patients. 

NZ 621 TUMOR CELLS TRANSDUCED WITH IL-2 AND IFN- 
y CARRYING RETROVIRAL VECTORS INDUCE 

SYNERGISTIC ANTITUMOR ACTIVITY, Felicia M.  
Rosenthal. Kathryn Cronin and Bernd Gansbacher. 
Department of Hematologic Oncology, Memorial Sloan- 
Kettering Cancer Center, 1275 York Avenue, New York, 
NY 10021 
To investigate whether antitumor immune responses to 
single cytokine transduced tumor cells could be enhanced, 
we have developed a model in which we study the effects 
of vectors carrying two cytokine genes. We previously 
reported that either IL-2 or IFN-y secretion by CMS-5 cells, 
a murine fibrosarcoma. induces a potent specific antitumor 
response. We now have constructed retroviral vectors 
carrying both the IL-2 and IFN-y cDNA and show that they 
can be used to stably transfect CMS-5 cells. Both cytokines 
are secreted for prolonged periods of time and both 
cytokines are biologically active in vitro and vivo. IL-2IIFN-y 
transduced CMS-5 cells showed increased levels of MHC I 
expression. Tumor growth of parental CMS-5 cells versus 
cytokine transduced CMS-5 cells was monitored. As 
compared to CMS-5 cells carrying only the IL-2 gene more 
rapid regression of tumors was observed. In vivo depletion 
of CD4' or CD8' effector cell subpopulations suggests that 
CD8' cytotoxic T cells are primarily responsible for the 
rejection of IL-2IlFN-y secreting fibrosarcoma cells. Our 
data indicate that there is a synergistic effect on tumor 
growth inhibition if both IL-2 and IFN-yare secreted by the 
tumor cell. 

NZ 623 LOCOREGIONAL THERAPY OF THE LINE 10 TUMOR IN 
THE GUINEA PIG WITH MODIFIED rIL-2 CAUSES TU- 

MOR REGRESSION AND INDUCES T-HELPER CELL MEDIATED 
IMMUNITY. 
PA Steerenberg', LTM. Balemans'. V Mattijssen2, FJ Koppenhagen', G 
Storm3. PHM De Mulde?. W Den Otter' Natl. Inst. Public Health and 
Environrn Protection, Bilthoven'; Dept. Med. Oncol, Univ. Hospitul, 
Nijmegen'; Dept. Farmcy,  State University Lltrech?. The Netherlands. 

R-IL-2 was modified either by the covalent attachment of polyethy- 
lene glycol (peg) or by incorporation of r-IL-2 into liposomes. 

Locoregional therapy of intradermal Line 10 (LIO) tumors with 
200.000 IU PEG-IL-2 resulted in regression of the primary tumor and 
prevention of the development of lymph node metastases. Intratumoral 
(i.1.) administration of PEG-IL-2 3x a week for 5 weeks starting at day 
7 or day 14 resulted in cure of all animals. A second tumor cell inocu- 
lum was rejected, showing induction of immunity. The i.t. route of 
administration is thought to be essential in tumor regression and 
prevention of metastases. Injection of PEG-IL-2 near the axillary 
lymph node or intranodular treatment did not affect the growth of 
metastases. 

During PEG-IL-2 therapy no in uitro cytotoxic activity of spleen or 
lymph node cells could be demonstrated. Immunity to L10 cells was 
adoptively transferred by spleen cells of cured animals. Adoptive 
transfer of spleen cells depleted for T-helper cells resulted in LIO 
tumor growth, while administration of a suspension depleted for T- 
cytotoxic cells did not influence the transfer of L10 immunity. showing 
the role of T-helper cells in PEG-IL-2 induced tumor regression. 

R-IL-2 bound to liposomes appeared to be biologically active and 
was gradually released from the liposomes under biological conditions. 
Intratumoral administration of liposomal bound r-IL-2 3x a week for 5 
weeks resulted in tumor regression and prevention of metastases at a 
dose of 200,000 IU r-IL-2. 

In summary, the i . t  route of administration of (PEG-)IL-2 is impor- 
tant for the induction of tumor regression and tumor immunity. Both 
PEG-IL-2 and liposomal bound r-IL-2 are effective therapeutic agents 
in this hepatocarcinoma animal model. 
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NZ 624 A NOVEL APPROACH FOR THE TREATMENT OF 
CHRONIC HEPATITIS B. Sheng Su and Ning Yao, Hepo 

Medical-Tech Research Inshrute, Beijing, China 

This report summarizes the clinical studies of Ara-AMP and 
autologous lymphokine-activated killer (LAK) cells, given alone or in 
combination, for the treatment of patients with chronic hepatitis B 
(CHB) in China. It represents multi-center prospective randomized 
controlled studies conducted in 1988-1991 by Su, Yao and their 
associates. Diagnosis of CHB was based on standard criteria, with 
patients having HBV markers, abnormal aminonansferase (ALT), and 
characteristic liver histopathology. Patients were randomized into an 
experimental and a placebo control group. Sixteen of 42 (381)  of 
patients given Ara-AMP for 28 days (10 m@g IV for 5 days, then 
Srng/kg IM for 23 days) became HBeAg negative. compared with 3 of 
42 (7%) placebo controls (p < 0.005). Twenty-eight of 49 (57%) of 
patients treated with autologous LAK cell reinfusions (1-2 timedweek 
for 6 weeks) became HBeAg negative, compared with 5 of 36 (1 l?) 
of controls (p < 0.005). Treated patients also showed improvement in 
ALT and increased anti-HBe seropositivity. Nineteen months follow- 
up of 30 LAK cell treated patients showed an increase of HBeAg 
seronegativity from 57% to 80%. The results indicate that treatment of 
CHB patients with either Ara-AMP or LAK cells is effective in 
eliminating HBe antigenemia, increasing anti-HBe sermonversion and 
improving liver funcaon. 

NZ 626 T-CELL RECONSTITUTION BY MOLECULAR, PHENO- 
TYPIC AND FUNCTIONAL ANALYSIS IN THE THYMUS, 

BONE MARROW, SPLEEN AND BLOOD AND IMMUNOTHERAPY 
FOR BREAST CANCER IN MICE RECEIVING MULTI-DRUG 
CHEMOTHERAPY J. E. Talmadge, J. D. Jackson, and  G. A. Perry 
Dept. of Path. Micro. and  Cell Bio. and  Anat., U. of Neb. Med. Ctr., 
Omaha, NE. 681 98. 
We examined the effect of a maximum tolerated, split dose  chemo- 
therapy protocol of cyclophosphamide, cisplatin, and  BCNU on 
neutrophil (PMN) and  lymphocyte sub  populations in the  blood, 
thymus, bone marrow (BM) and spleen. This chemotherapy proto- 
col was  modeled after that used with autologous BM transplanta- 
tion (AuBMT) for breast cancer. We have obtained molecular, 
phenotypic, and functional da t a  on the reconstituting cells in che- 
motherapy treated mice with or without BMT and/or CSF-G treat- 
ment. These  studies demonstrate a rapid reconstitution of PMN 
(by 15 to 1 8  days)  with a slower lymphocyte reconstitution which 
varies by site (blood, spleen, BM and thymus) with the normaliza- 
tion of all phenotypes by day 60. In contrast to the recovery of the 
CD-3, CD-4 and CD-8 cells the ability of the splenic lymphocytes to 
respond to Con-A remained depressed.  The lymphocytic dysfunc- 
tion was  not associated with any specific phenotype including Vp- 
5+; 43-8.; y/6+ or CD-4-, CD-8- wp+ cells. Furthermore, no thymic 
or splenic natural suppressor (NS) cell activity w a s  observed (BM 
N S  activity was  found but did not correlate with loss of splenic 
mitogenesis). These studies also revealed, on a time dependent 
basis, a marked thymic response to Con-A and  helper cell activity. 
There appears  to b e  an increase in TH2 relative to  TH1 cell activity 
based on RT-PCR of the spleen lymphoid cells which may con- 
tribute to the immune dysfunction. Therapeutic studies in mice 
bearing a large metastatic tumor burden (mammary cancer) using 
this chemotherapy protocol have revealed that BMT and CSF-G 
prevent infectious disease associated mortality but provide no 
additional therapeutic efficancy. Supported in part by the 
Nebraska Cancer and Smoking Disease Research Program. 

NZ 625 ERADICATION OF MURINE INTRACRANIAL TUMORS 
BY SYSTEMIC T CELL IMMUNOTHERAPY, 

Jeffrey J. Sussman, Wendy L. Wahl, Alfred E. Chang and Suyu Shu, 
Department of Surgery, University of Michigan, Ann Arbor, MI 38109. 
Lymph nodes (LN) draining a progressively growing tumor contain 
tumor sensitized but functionally deficient cells. Upon activation in 
virro they are capable of eradicating visceral tumors when transferred 
systemically. In human r i a l s ,  patients with brain metastases are usually 
excluded for adoptive immunotherapy because the blood bran bamer is 
thought to prohibit the proper trafficking of lymphocytes. We have 
recently shown that systemically transferred lymphocytes can treat 
intracranial tumors. We now further characterize this effect as tumor- 
specific, exogenous IL-2 independent, and can be augmented by 
sublethal irradiation. LN cells draining progressive MCA 205 tumors 
for 12 days were activated in virro with immobilized anti-CD3 for 2 
days followed by culture in 10 U/ml IL-2 for 3 days. The therapeutic 
effects of these cells were tested by adoptive immunotherapy of 3-day 
established transcranially induced brain tumors. Median survival time 
was extended from 19 days to 31, 55 and >75 days following i.v. 
transfer of 2x107, 4x10’ and 8x107 cells/mouse respectively. 
Administration of exogenous IL-2 (15,000 U i.p.BIDx4d:l had no 
enhancing effect. In fact, in one experiment exogenous IL-2 reduced 
survival from 100% to 25%. This is in sharp contrast to the 
immunotherapy of pulmonary metastases using the same activated cells 
where IL-2 is known to increase the potency of the effector cells by four 
fold. On the other hand, sublethal (500R) irradiation of tumor bearing 
mice enhanced the cellular therapy. Irradiated mice receiving i.v. 
effector cells led to significantly more prolonged s w l v a l  compared to 
non-irradiated mice. Sublethal irradiation alone did not affect the 
survival of tumor-bearing mice, thus, irradiation may be reducing 
potential tumor-induced immunosuppression or altering lymphocyte 
trafficking patterns. Transfer of effector cells generated from MCA 207 
tumor-draining LN cured the mice with 207 intracranial tumors but they 
were ineffective against 205 tumors, thus demonstrating the effect is 
tumor specific. Mice cured of an inuacranial tumor developed systemic 
immunity capable of rejecting challenges with the same tumor either 
subcutaneously or transcranially. These results suggest that properly 
sensitized T cells were capable of mediating the regression of brain 
metastases. However, the conditions and requirements for successful 
therapy might be different from mating visceral metastases in the lung 
or liver. 

NZ 627 EXPRESSION OF THE T CELL COSTMULATORY 
LIGAND B7  B Y  A MELANOMA INDUCES REIECIION 

MEDIATED B Y  DIRECT ACTIVATION OF CD8+ T CELLS, 
Sarah E. Townsend and James P. Allison, Department of 
Molecular  and  Cel l  Biology, University o f  California a t  
Berkeley,  94720 
A variety of t umors  are potent ia l ly  immunogen ic  but 
are incapab le  o f  s t imu la t ing  an  e f f ec t ive  an t i - tumor  
immune response in vivo . O n e  possible reason for this 
poor  immunogen ic i ty  migh t  b e  that  t umors  m a y  b e  
capable  of delivering antigen-specific signals to T cells,  
but  may  no t  del iver  the costimulatory signals necessary 
for full  activation of T cells. We show that expression 
of the costimulatory l igand B 7  induces the rejection of a 
murine melanoma in vivo. This  rejection i s  mediated by 
C D 8 +  T cells;  C D 4 +  T cel ls  are no t  required.  Pr ior  
rejection of B7+  melanoma cel ls  rendered mice capable  
of reject ing B7- cells.  These  resul ts  suggest  that  B 7  
expres s ion  r ende r s  t umor  cells c a p a b l e  o f  e f f ec t ive  
an t igen  presentat ion,  l ead ing  t o  their  e r ad ica t ion  i n  
vivo. Manipulat ion of cost imulat ion o f fe r s  a novel  
s t ra tegy f o r  t umor  immunotherapy.  
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NZ 628 ANTI-TUMOR PROTECTION FROM THE MURINE 
T CELL LEUKEMIA/LYMPHOMA EL4 B Y  THE 

CONTINIIOIIS SIIBCUTANEOIJS COADMINISTRATION _ _ - _  - - ~ _ _ ~  -~ ~ 

OF RECOMBINANT MACROPHAGE-COLONY STIMU- 
LATING FACTOR (M-CSF) AND INTERLEUKIN-2 (IL2) 
Daniel A. Vallera. Patricia A. Taylor, S .  Lea Aukeman, and Bruce R. 
Blazar. Departments of Therapeutic Radiology and Pediatrics. 
University of Minnesota Hospital and Clinic, Minneapolis, MN 55455 
and the Chiron Corp. Emeryville. CA 94608. 

We investigated the combined continuous subcutaneous 
coadminisuation of M-CSF + L-2 ,  to mice given intraveous injections 
of a lethal dose of EL4 T cell IeukemiaAymphoma cells, not expressing 
M-CSF or IL-2 receptors. A group of 30 mice in 2 experiments given 
14 day pumps on day -3 and EL4 on day 0 were protected from EL4 
tumorigenicity by 20 ug/day M-CSF and and 5 &day IL-2 (80% 
actuarial survival at day 100). Treatment with a similar dose of IL-2 
alone resulted in early toxic deaths (20% actuarial survival at day 10) 
likely related to the known toxic effects of IL-2. We have shown that 
several cell types are affected by this cytokine combination. 1 )  
Macrophages are involved since M-CSF is lineage-restricted and two 
color immunofluorescencelflow cytomemc studies on day 7 revealed 
that macrophages (F4/80+ cells) were higher in normal or EL4-injected 
mice given M-CSF+IL-2 than in mice given M-CSF alone, IL-2 alone, 
or PBS. 2 )  T cells are involved in M-CSF+IL-2 efficacy since adult 
thyrnectomyn cell depletion significantly inhibited the ability of 
cytokine coadministration to protect against ELA. In other studies, mice 
given M-CSF+IL-2 showed higher anti-EL4 CTL activity than mice 
given either cytokine alone. 3) NK cells are involved in M-CSF+IL-2 
efficacy since the in vivo depletion of NK cells in EL-4 injected mice 
inhibited the ability of M-CSF+L-2 ueatment to protect against EL-4. 
Splenic NK cytolytic activity was highest in M-CSF+L-2 ueated mice. 
Also, flow cytometric studies showed that splenic N K  cells 
(NKl,I+CD3-)  were highest in M-CSF+IL-2 treated mice. 4) 
Granulocytes are also involved since M-CSF +IL-2 survivors showed 
significant elevations in neutrophils from blood smears and in flow cy- 
tometry studies. Although this study provides ample evidence that 
coadminisuation of M-CSF+IL-2 is an effective immunoenhancing 
regmen, as yet. we have found no explanation for the ability of M-CSF 
to protect against LL-2 toxicity. This regimen deserves further investiga- 
tion as ;I means to improve therapeutic potential of toxic IL-2. 

k i te  ilh5tracts 
TH-2 LIKE CELLS REGULATE ALLOREACTIVITY 
IN VIVO, Daniel H. Fowler and Ronald E. Gress, National 

Institutes of Health, NCI, DCBDC, EIB, Bethesda, MD 20892 

Allogeneic BMT is primarily limited by cellmediated GVH and rejection 
reactions. In vivo alloreactivity in murine models is characterized by 
TH1 cytokine activation, especially IFN-y. Multiple murine disease 
states illustrate that TH1 predomirrant, cellmediated in vivo responses 
can be downregulated by TH2 cells and the TH2 cytoklnes 11-10 and 
IL4.  The possibility that an In vivo alloreactive transplantation 
response can be regulated by cells with a TH2 cytokine profile was 
assessed in a murine GVHD model. 

GVHD was induced by iv injection of 86  parental spleen cells into a 
B6C3F1 host. As shown by others, LPS endotoxin administration 
resulted in TNF-a release and acute lethality. In vivo cytokine 
activation was studied using RTIPCR. Compared to negative controls, 
T lymphocytes from GVHD mice had markedly increased 1FN-y mRNA 
(30-50 fold increase); other cytokine transcripts (IL-2,114, and IL-10) 
were modestly increased (35 fold cf less). 

Parental cells of TH2 cytokine mRNA phenotype were generated by in 
vivo treatment of B6 mice with combination IL411L4. The CD4t 
enriched spleen cell population from these mice had increases in IL4 
and IL-10 mRNA, with concommitant decreases in IL-2 and IFN-y 
mRNk These parental cells of TH2 mRNA phenotype were non-lethal 
In this GVHD model. Additionally, mice receiving a cell mix of 
unmanipulated parental spleen cells + parental C W ,  THZ-like cells 
were protected from lethality. 

T lymphocytes from recipients of these parental cell mixes showed 
greatly decreased IFN-y mRNA, with concommitant increases in IL4  
and 11-10 mRNk These experiments show that T e l l  mediated in vivo 
allogeneic responses can be regulated by CD4+ cells with a THZ-like 
cytokine profile and that such regulation Is assodated with decreased 
IFN-ymRNA levels in the T cell population. 

NZ 629 CD8 DEFICIENT MICE FAIL TO REJECT VIRUS-INDUCED 
SYNGENEIC LYMPHOMA, BUT STILL REJECT MCA- 

INDGCED SYNGENEIC SARCOMA, Tao Wen, Lorenz H. Triimper, 
Waiping Fung-Leung, George Klein and Tak W. Mak, Ontario Cancer 
Institute, 500 Sherbourne Su. Toronto. Canada M4X 1K9 and Dept. of 
Tumor Biology, Karolinska Institute, S10401 Stockholm, Sweden 
Expenmenrally induced rumors can be rejected by the immune system 
of a syngeneic host, if the host has been immunized with the same 
lethally treated tumor cells pnor to tumor transplantation. In order to 
further investigate the role of each T cell subset in such uansplantation 
rejection, we generated a novel mouse strain (C57BU6 background) 
which lacks CDX+ T cell subpopulation, using homologous 
recombination to disrupt the CD8 gene In mouse genome. Tumor 
transplantation rejection was tested on those mice with syngeneic 
(C57BLI6 derived) Rauscher virus induced T cell lymphoma (ALC) and 
methylcholanthren(MCA) induced fibrosarcoma(MC57X). 
CD8 deficient mice(CDX-/-), hererozygous littermates(CD8+/-) and wild 
type C57BLI6 mice(CDX+/+) were divided into experimental and control 
groups. The expenmantal groups were injected S.C. with lo6 lethally 
irradiated tumor cells weekly,over 5 weeks. One week after the last 
immunization, both groups were inoculated with 10' living tumor cells. 
Tumor incidence was followed for 8 weeks after the inoculation. and 
summarized as follows: (Mice with tumor / Total inoculated mice) 

1 Rauscher Virus Induced Lymphoma ALC (i.p. inoculation) 
Experimental Group Control Group 

8/10 1/12 o/x 616 X/8 11 /11  
2 XICA Induced Fibrosarcoma MC57X (s.c. inoculation) 

Experimental Group Control Group 
CI)X-/- CDI(+/- CDK+/+ CDX-/- CDX+/- CDX+/+ 
oix 019 018 616 717 X/8 

CDX-I- CDX+/- CDX+/+ CDX-/- CD8+/- CD8+/+ 

I t  15 shown that CD8+ T cell population is necessary for rejecting the 
hyngeneic Rauscher virus induced lymphoma, but not for the MCA 
induced fibrosarcoma We are presently testing more virus and MCA 
induced tumor, o n  CDX deficient mice to develop a comprehensive 
picture of  thc role of CDX+ T cells i n  tumor immunity. 

o n w p r c w m  mxmMmmE cfmnexLINGmw 
-CNmX LIPID Mkl lUX BRSZI) S E W I T  

LmXNXDS. Raphael J. Mannino and Susan Gould-Fogerite, 
Deparunent of Laboratory Medicine and Pathology, UMMJJ, New 
Jersey Medical School, Newark, N . J .  07103-2714. 

Inmrunologically important d e t e m n a n t s ,  (defined 8 and T 
ce:ls epi topes)  formulated wth various l i p i d  matrix based 
st ructures  produce well characterized and highly immunogenic 
preparations.  
induction of both humoral and c e l l  mediated innume responses 
A vivo have been defined through a systematic var ia t ion in  
the s t ruc tu re  of theses preparations.  
Using defined antigens f r an  a var ie ty  of pathogens including 
HI'J, S I C ,  Malaria, influenza and parainfluenza viruses ,  we 
have developed a number of simple, gent le  and r e l a t ive ly  
rapid procedures for f o d a t i n g  ant igens,  i n  the form of 
peptides.  proteins  or whole pathogens, with l i p i d  matrices 
t o  produce e f f ec t ive ,  chemcal ly  well defined and sa fe  
~ m - ~ o g e n s .  
of tne asscciat ion between the antigen and the l i p i d  matrix,  
one can maxirmze e i the r  humoral or c e l l  mediated immunity. 

Humoral Inarmnit An immrnogenic formulation capable of 
s-m,:ating 4 y - production can be comprised simply of 
peptide epitopes representing 8 c e l l  and T helper c e l l  
deteminants  presented t o  the i m e  system as a m l t i v a l e n t  
c?np:ex :r che context of a phospholipid bi layer  Antibody 
producrion has been s t i n d a t e d  using synthet ic  peptide 
eFit3pes derived from known B and T helper c e l l  
d e t e m w t s .  The antibody response is boostable,  shows 
c:ass switching and the ant ibodies  cross-react w i t h  the  
proteins from which the sequences a re  derived 
capab-ypqxtc T Lymphocyt e s  - An immrnogenic formulation 

inducing epitope spec i f i c ,  cD8+ CTL i n  vivo can 
bf concrised of a short  synthet ic  peptide recognized by 
c la s s  I nolecules encapsulated within a fusoqenic 
p:oteolipsome (containing l i p i d  bilayer-integrated Sendal 
v-rus glycoproteins) or an amphipathic peptide which can be 
recognized by both c l a s s  I and c l a s s  I1 molecules presented 
t o  the inamme system i n  the context of a 
peptide-phospholipid s t ruc tu re .  I m i z a t i o n  w i t h  
phospholipid formulations containing whole proteins  or 
synthet ic  peptides has induced a &stable ,  epitope 
spec i f i c ,  cD8+ CTL response i n  rmce and, w i t h  col laborators ,  
i n  monkeys. 

mnimal cha rac t e r i s t i c s  e s sen t i a l  t o  the 

Through varying the  s t ruc tu ra l  cha rac t e r i s t i c s  
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Identification or murine nielanoma T cell epitopes 
recognized by CD8+ tumor  infiltrating lymphocytes in 
the  context or H - Z K b .  T.*.#. W. J. Storkus*.#. E. 

Gorelil;#. and M. T. Lotze*.#. From ihe 'Departments of Surgery and 
Molecular Genetics and Biochemistry. University of Pittsburgh School 01 
Medicine, and the #Pittsburgh Cancer Institure, Pittsburgh. PA 15261. 

immunogenicity of the BL6 
melanoma and BL6 melanoma vanants (i.e. H-2 class I transfectants and 
MNNG-mutagenized BL6) in C57b116 (86. H-2b) mice has suggested a 
strong correlate berween melanoma immunoreactivity and melanoma 
expression of the H-2Kb class I allele (Tanaka aal.. Mol. Cell. Biol. 8: 1857- 
1861 (88)). In these studies. one of the most immunogenic BL6 variants 
examined !\as the CL8-1 (H-IKb+ iransiected. H-2Db+) cell line. 
Tumor infiltrating lymphocyte (TIL) lines were derived from CL8-1 tumors 
removed from B6 mice and subsequently grown- for 3-4 weeks in the 
presence of imdiaied CL8-1 tumor and rhlL-2 (100 IU/ml). The CL8-I T IL  
efficiently lysed the CL8-1 (H-?Kb+. H-2Db+) and BL6-2K (H-2Kb+. H- 
ZDb-) melanoma as well as the MCA 105 sarcoma (H-2Kb, H-2Db+). but 
not the BL6 (H-zKb-, H-ZDb+/-). EL4 (H-2Kb+. H-2Db+). or  normal B6 
splenocyte targets. This strongly suggested that the CL8-1, BL6-2K. and 
MCA 105 target cells expressed shared or cross-reactive T cell epitopes 
recognized in the context of the H-2Kb class I allele. Class I bound peptides 
were acid eluted from the BL6, BL6-2K. and CL8-1 melanoma cell lines in 
addition to the MCA 105 sarcoma. the EL4 thymoma. and normal 86 
splenocytes. These peptides (1-5 s I@ cell equivalents) were subsequently 
fractionated by re! erse-phase HPLC. lyophilized, and individual HPLC 
fractions reconstituted in buffered saline. Aliquots of these fractions were 
coincubated with previously SICr-labeled EL1 target cells for 1 hour. These 
targets were then assayed for sensitivity to CL8-1 TIL mediated lysis in 
standard 4h  cytolytic assays. At least three HPLC fractions (FI. F2. F3) 
containing peptides derived from the CL8-1 melanoma were recognized by 
CIA-1 T I L  when presented by H-2bEL-4 target cells but not H-2d P815 
mastocytoma target cells. These same three fractions were identified by CL8- 
1 T l L  in BL6-2K. but not BL6, EL4, or normal 86 splenocyte peptide 
preparations. Interestingly. CL8-1 TIL appeared to recognize at least two 
species corresponding to F1 and D derived from the MCA 105 sarcoma. 
These data suppon H-2Kb-restricted recognition of FI-R by the CIS-I TIL 
and suggest that F1 -R ,  when identified at the amino acid sequence level may 
constitute the basis for a melanomdsucoma peptide vaccine in 86 mice. 

Previous research examining the 

ROLE OF LFA-l/ICAM-1 INTERACTION I N  THE 
LYMPHOCYTE PROLIFERATION RESPONSE TO 
INTERLEUKIN-2, 

Florry A. Vyth-Dreese. Trees A. M. Dellemijn. Anita Frijhoff, 
Yvette van Kooyk and Carl C. Figdor. The Netherlands Cancer 
Institute, 1066 CX Amsterdam, The Netherlands. 

Several adhesion routes have been implicated in lymphoid 
cellcell contacts, including those mediated by the receptor/ 
ligand pairs LFA-l/ICAM-1 and CD2/LFA-3, the VLA antigens 
and the CD44 molecule. To study the role of these adhesion 
receptors  in the proliferative response of peripheral 
lymphocytes to IL-2, blocking studies were performed with a 
panel of monoclonal antibodies (mAb). Inhibitory effects were 
observed only of mAb directed to  LFA-1 a or p or its ligand 
ICAM-I. Preferentially resting lymphocytes were susceptible to 
the inhibition, particularly in an early phase of culture and 
when stimulated with relatively low rlL-2 doses. By using rnab 
that specifically could block distinct rIL-2 activation path- 
ways, LFA-l/ICAM-1 interaction was found to control the 
interaction of rIL-2 with its high affinity receptor, mediated by 
p55. but not with its intermediate affinity receptor, p75. 
Furthermore, it was shown that T lymphocytes, but not NK 
cells were inhibited in their rlL2-response by anti-LFA-1 mAb. 
This would suggest that LFA-l/ICAM-1 interaction directs a 
focal release of IL-2 and is required for an optimal upregulation 
of the expression of p551L-2R. In this way cell-cell interactions 
may accelerate  cytokine responsiveness. Additional 
experiments indicated that NKI-Ll6. a mab directed to the 
activated s ta te  of the LFA-1 a molecule, which strongly 
induces cell adhesion, also inhibited the p55 mediated rIL-2 
response. In view of the reported partial association between 
p551L-2R and ICAM-1. it is assumed that impaired mobility of 
the p55 IL-2 receptor may play a role. 

Immunogenlclty of activated ras oncogenes 
A.van Elsas, H.Nijman"'. CMelief"', and 
P.I.Schrier. Dept. of Clinical Oncology, and 

"'Dept. of lmmunohematology and Bloodbank, Universq 
Hospital Leiden. P.O. Box 9600, 2300 RC Leiden, The 
Netherlands. 

During initiation and development of many different human 
tumor types a wide variety of genes, such a s  the ras 
oncogenes, may become activated or inactivated. Activation 
of any of the three human ras genes occurs in approximately 
20% of all human cancer syndromes. In several studies it has 
been shown that this activation may be indicative for the 
prognosis and survival of the patient. The cellular immune 
system constitutes the major host protection against tumor 
initiation and progression. The first line of defense probably 
consists of Natural Killer cells with broad specificty, whereas 
T-calls recognize distinct foreign peptide antigens a s  
presented by MHC molecules. The ras oncogenes are 
activated through point mutations at three restricted 
aminoacid positions. These altered proteins may be 
presented to the immune effector cells a s  tumor antigens. 
We have investigated the binding of mutant and wildtype ras- 
derived peptide sequences in the context of HLA-A2. 1, and 
the subsequent generation of peptide specific CTL from 
healthy donors or patients. By using a system that scores 
peptide sequences for the HLA-A2.1 binding motif, we have 
been able to select the peptides that most probably 
associate specifically with this molecule. These peptides 
where tested for actual binding, using the mutant cell line T2, 
which expresses unstable A2.1-molecules. Two peptides 
specific for wildtype and mutant sequences were found to 
bind strongly. These peptides have been used to induce a 
primary response with PBL of an HLA-A2.1 positive healthy 
donor. 
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