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Melanoma and Biology of the Neural Crest 

Keynote Address (Joint) 
K On1 GENETIC ANALYSIS OF TLJMOR REJECTION ANTZGENS. Thierrv Born. Ludwig hatilute for Caucw Research Brussels unit and Celiular Genetics .. --. ~ 

unit. Catholic University of Louva!~ Brussels. Belgium 
Most mouse tumors express antigens that me potential targets for T 
iymphocyte-mediated rejection responses. Some of these antigens are 
recagnized by cytolytic T cells (CTL) and do not appcar to be present on 
normal cells. Recent progress has made i t  possible to understand how 
these new antigens can arise on tumor cells. It is now geneally accepted 
that the antigcns recognized by CTL are small peptides of about nine 
residues presented in a groove formed by the external domains of class I 
molecules of the major hisiowmpatibility complex (MHC). A major 
mechanism that generates new antigenic pcptidcs is the occurrence of 
point mutation in active genes. Thene point mutations change one amino 
acid in the antigenic peptides. In some inslances, this confers to the 
peptide encoded by the mutated region the ability to bind to MHC 
molecules. In othcr instances. the point mutations geoerace new epitopes 
on peptides that were already capable of binding. All these point 
murations may lie a1 the origin of the very diverse antigens observed on 
tumors induced with chemical carcinogenri. A second major mechanism 
for the generation of new antigenic peptides on tumor cells i s  the 
activation 01 genes that are silent in most normal adult ccllr. This has 
recently beeo observed for an anligen present on a mouse ma6locytoma 
( 1 ) .  

Other mnstocytoma tumors have been found wherein the same gene ir 
activated and the same antigen is present. 
For human tumors. many groups have observed that lymphocytes fro0 
tumor-bearing patients (“autologous lymphocytes”) can often be 
rcslimulacul with Ihe tumor cells in vitro so as to produce CTL that lysr 
the tumor cells and do not lyse autologous conuol cells. Stable clooa’ 
lines of CTL have heen obtained. They recognize a limited number 01 
anligeos (3-7) on the autologous mmor cell lines. Recently a gene coding 
for an antigen recognized by CTL on a melanoma cell line has been 
isolated. This gene belongs to a new gene Iamily that includes ai least 
three closely related genes. The gene is expressed on several melanomas 
These tumors that express bDth the gene aud HLA-A1 present the antigen 
recognized by the original CTL. These rcrulta iodicate that tumor 
rejection antigens recognized by CTL may be shared by large numbers or 
tumors. Tbey also suggest that patients whosc tumor expresser thcsc 
antigens could be identified rapidly by HLA lyping and RNA analysis of a 
small tumor sample. These patients could receive precisely targeted 
immunotherapy. 

References 
i .  Van den Eynde. B., Lethe, B., Van Pel, A.. De Plaeo, E., and Boon, T. 

(1991) J .  €xp. Mcd.173 I 1373-1384. 

Melanobiology 
K 002 RECEPTOR TYROSINE KINASES IN NORMAL AND MALIGNANT MELANOCYTES, Ruth Halaban. Department of Dermatology, Yale 

University School of Medicine, New Haven, CT 065 10. 
A most smhng difference between normal melanocytes and melanoma cells 

from advanced lesions in virro is in the requirement for growth factors. Unlike 
melanoma cells, normal human melanocytes depend on exogenous growth factors that 
sumulate their proliferation in the presence of the synergistic factors dibutyryl CAMP 
(cyclic adenosine monophosphate) or TPA (1’2-0-teuadecanoyl phorbol- 13-acetate). The 
melanocyle milogenic peptides are cenam members from the Fibroblast Growth Factor 
(FGF) family, and two unrelated Iigands, Hepatccyte Growth Factor (HGF) and Mast 
Cell Growth Factor (MGF, the &t-ligand) (reviewed in reference 1, 2). Two mutually 
synergisuc mehocyte mitogens are bFGF and HGF (3). Activation of the receptors for 
FGFs, HGF and MGF (FGFR, Met and Kit, respectively, all transmembrane prntein- 
tymsine kinase) sumulates autophnsphorylauon and a cascade of phosphorylations and 
acuvation of other enzymes involved in signal transduction. A common intermediate for 
all three in human melanocytes is MAP-2 kinase/ERK (2.3). Melanomas have acquired 
autonomy in part by the inappropriate production of bFGF. which conslituuvely 
activates h e  FGF-receptor. However, the expression of bFGF by itself is not sufficient 
to transform normal melanccytes to melanomas, suggesung the presence of at least one 
co-operaong factor. This co-operaung factor is not a constltuuvely acuve c-Mel, the 
HGF receptor. Met is normal in melanomas. and melanomas do not express HGF. 
However, activation of c-Met may enhance dissemination of primary melanomas to 
ectopic sites, because HGF (known to be also a scauer factor), stimulates normal human 
melanocyte migration (3). Kit-kinase on the other hand, does not posiuvely regulate 
melanoma cell proliferation because c-kit is frequently down-regulated in melanoma 
cells grown in virro from advanced lesions (2). Because activation of Kit-kinase in 
normal melanocytes leads not only to proliferatlorn but also to induction of differenoared 
funcnons, it is possible that extinction of c-Kit-kinw signal Uansducuon contributes to 
the d&fem%%ed pknoiype of many melanomas. 

Animal models ewe further evidence for the imoonance of reCeDtor tvrosine lanases . .  
in normal melanocyte prohferauon and transformation to melanomas. Normal funciinn 
of c-Kit was shown to be important for pigment cell viability and proliferatton through 
geneuc analyses of mice with mulations at the dominant white spotting (W) and steel 
(SI) loci, encoding kir and its ligand MGF. respectively. I n  vivo transformation Of 
mouse melanocytes to melanoma, due to consutuuve expression of a uansmembrane 
tyrosine kinase related to c-hi, the oncogene ref. was recently demcmsuated in lransgenic 
mice. Finally, studies on a fish model, Xiphophorur. in which melanoma is inherited. 
have shown that the dominant ulmor inducing gene, Tu. encodes an EGF-receptor related 
tyrosine kinase which is expressed only i n  the melanomas and not in normal ussues 
(reviewed in reference 1). Taken together. the resulls suggest that normal melanocyte 
proliferauon and the uncontrolled growth of melannmas is dependent, in large pan, on 
the proper conuol of receptors with tyrosine kinas activity. 

References: 
1. Halaban, R. Growth Factors and Tyrosine Protein Kinases i n  Normal and 

Malignant Melanocytes. Cancer and Metasrasis Review 1 0  129-140, 1991 
2. Funasaka, Y., Boulton. T., Cobb. M., Yarden. Y., Fan. B.. Lyman. S.D.,  

Williams, D.E., Anderson, D.M., Mishima Y., and Halaban, R. c-Kit-kinase 
rapidly stimulates a cascade of tyrosine phosphorylauon on several proteins and 
activates MAP-’2 kinase in normal human melanocytes. but IS not functional in 
melanomas. Submitted, Cell Regulauon. 
Halaban. R.. Rubin, 1.. Faletto. D.. Funasaka. Y., Cobb, M., Boulton, T., Rosen. 
E.. Cook, C.. and Mishima. Y. Met-kinase. a potent receptor-tyrosine kina% in 
Normal Melanocytes is not abrogaled in melanomas. Manuscript in preparation. 

3. 

K 003 UNDIFFERENTIATED KERATINOCYTES CONTROL GROWTH, MORPHOLOGY, AND ANTIGEN EXPRESSION OF 
NORMAL KERATINOCYTES THROUGH CELL-CELL CONTACT, Meenhard Herlyn, and Istvan Valyi-Nagy, 

The Wistar Institute of Anatomy and Biology, Program of Experimental Therapeutics, 36th and Spruce Streets, Philadelphia, PA 

Growth and phenotype of normal human melanocytes :s highly 
affected by undifferentiated keratinocytes. Melanocyte growth 
was supported neither by conditioned medium of keratinocyte 
cultures nor by co-cultures of melanocytes with keratinocytes 
when separated by microporous membranes. In contrast, in 
monolayer co-cultures allowing physical contact between the 
two cell types, both cell types proliferated, but their ratio re- 
mained constant over a 14-day period. In. three-dimensional 
epidermal reconstructs, most melanocytes were found singly 
in the basal layer and they communicated with undifferentiated 
keratinocytes. Conversely, melanocytes entrapped in the differ- 
entiated layers of epidermal reconstructs were not growth 
controlled and formed multiple-cell colonies. These clustering 

cells did not communicate with adjacent keratinocytes. The 
pattern of antigen expression of melanocytes growing in mono- 
layer co-cultures and in the basal layer of epidermal recon- 
structs was indistinguishable from that  in skin. Melanocytes, 
on the other hand, proliferating in pure monolayer cultures or 
a s  colonies within differentiated layers of epidermal recon- 
structs expressed several melanoma-associated antigens such 
as 0-acetylated ganglioside GD3 or a 120 kD protein detected by 
monoclonal antibody 77.1. These results suggest t h a t  
undifferentiated but not differentiated keratinocytes control 
growth, morphology, and antigen expression of melanocytes 
through direct cell-cell contact. The mechanisms of this  
regulation remains to be investigated. 
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The Epidemiology and Genetics of Melanoma 
K 004 CHANGES IN GENE EXPRESSION (JUN. PROTEIN KINASE C, AND RETINOIC ACID RECEPTOR FAMILIES) DURING HUMAN 

MELANOCYTE PROGRESSION TO MALIGNANCY, Frank L. Meyskens, Jr., Douglas Yamanishi, Helen Ross, Julie Buckmeier. 
Department of Internal Medicine and Clinical Cancer Center, University of California Irvine, Irvine, California 92715. 

The evolution of human melanoma is accompanied by characteristic complete medium. In comparison to melanocytes, metastatic melanoma 
cional cytogenetic abnormalities, antigenic changes, and growth factor cells expressed an increase in jun-B fos RNA transcripts and a decrease 
alterations. Identification of specific oncogene alterations in the in c-jun tranrcripts. Broadly interpreted, these data suggest a 
formation of melanoma has been few, with activation of ras in late dysregulation of these genes in melanoma cells. In the past we have 
cultured cells occurring in 25% of cases. One of the unique culture done a number of studies with retinoids and melanoma cells. We have 
requirements for melanocyte growth is TPA; paradoxically this chemical recently found marked sensitivity of melanocytes to &transretinoic acid 
also inhibits melanoma cell growth. We therefore performed a series of (ID, 1-4 pg/ml). This is of considerable interest since it is known that 
studies on the role of protein kinase C in melanoma biology. Three of c-jun protein interacts with nuclear retinoic acid receptor (RAR) 
the PKC isotypes (a, j3, f )  were constitutively expressed in neonatal function and expression at the RNA level. All three transcripts (a. j3, y) 
melanocytes. In melanoma cells the expression of PKC a and c isotypes of RAR were expressed in neonatal melanocytes. a and y were 
was altered and PKC j3 RNA transcripts were not expressed. TPA did expressed in all four melanomas examined but j3 was expressed in only 
not induce j3-transcripts and Southern analysis after digestion with four two. Two of the melanoma cell lines did not express RAR-j3 and RAR-B 
different restriction enzymes did not show rearrangement or deletion of transcripts were not induced by RA. A number of ongoing studies 
the PKC-j3 gene. These interesting results led us also to examine involving the growth effect and expression of RAR in melanoma cells 
changes in TPA induced oncogenes. Uniformly high transcript levels of measure the effect of biochemical modulators (steroid hormones, 
jun-B, and c-fos RNA were observed in melanocytes cultivated in cytokines, and protein kinase C and phosphatase activators) alone and 

in combination with RA. 

K 005 

Genetics & 3Pediamcs, Univ. of Michigan, MSRBIVC560. Ann Arbor, MI 48109 & ‘ T o m .  on Genetics. Univ. of Arizona. Tucson. AZ 95724. 

GENOMlC AND BIOLOGIC STRATEGlES FOR IDENTIFYING A GENE ON CHROMOSOME 6 IMPLICATED IN MELANOMA TUMORIGENESIS 
J. Trent, Ph.D.’2, E. Meese, Ph.D.l, X.Y Guan3, P. Lagcda, Ph.D.’, P. Meltzer, M.D., Ph.D.13 Depts. of 1Radiation Oncology, 2Human 

Previous cytogenetic studies have suggested that the long arm of 
chromosome 6 is frequently deleted in malignant melanoma. The 
possibility that this region encodes a tumor suppressor gene is supported 
by studies which demonsuate that introduction of a normal chromosome 6 
suppresses the tumorigenicity of melanoma cell lines (Trent, er ul., 
Science 247568. 1990). Studies aimed at identifying genes along 
chromosome 6 have been hampered because a limited number of pmbes to 
the long arm of chromosome 6 are presently available, and numerous 
additional probes will be required to generate a physical map of this 
region. Several different strategies have been taken in order to develop 
the genomic resources required for identifying this proposed suppressor 
gene. Among them have included the establishment of a somatic cell 
hybrid mapping panel which allows mapping of DNA markers into eight 
distinct physical rcgions of chromosome 6. Characterization of the hybrid 
panel members has been based upon cytogenetic, fluorescent in siru 
hybridization (using plasmid, cosmid. YAC and painting probes), and 
Southem blotting (using known reference probes). Utilizing this panel, 
17 Notl boundary clones from a Notl-linking library were regionally 
assigned to the long arm of chromosome 6. The Notl sites likely indicate 
HTF-islands and coding sequences, accordingly, cross-hybridization of 
the linking clones to DNA from other species provided further evidence 
for transcribe sequences in 7/17 Notl clones. The development of this 
panel should facilitate the construction of a physical and genetic linkage 
map to assist in the identification of the proposed suppressor gene. In 
order to obtain additional region specific probes, microdisection of 

banded metaphase chromosomes has also been used toisolate chromatin 
from human chromosome 6q21-23. Chromosomal fragments from this 
region were dissected and pooled in collection solution containing 
proteinase-K. The DNA was then amplified by the polymerase chain 
reaction (PCR) using an Alu primer. The PCR products were directly 
cloned by a TA-cloning procedure using the pCRm vector. Several 
hundred colonies were isolated and we have characterized more than 50 
clones to date. Inserts for this library range in size from 160-1200 base 
pairs. Clones have been selected and hybridized against DNA from the 
previously mentioned somatic cell hybrid panel, with the results confirming 
their derivation from human chromosome 6 derived sequences. These 
results indicate that minocloning of specific chromosome bands will be a 
valuable tool in generating region specific libraries. Finally, concment 
biologic strategies are underway to more clearly delineate. the region of 6 
involved in the suppression of melanoma. The microcell-mediated 
chromosome transfer technique has been utilized to generate irradiation 
reduction hybrids for subsequent analyses of suppression. This procedure 
involves irradiation of microcells which contain a single human 
chromosome 6 (marked by the integration of p s v p e ~ )  with lethal irradiation 
at 8,OOO rads, and fusion to a nonirradiated host. A panel of deletion 
hybrids for chromosome. 6 has been generated and arc being systematically 
evaluated for the presence of chromosome 6 specific sequences, and 
subsequently for their biologic activity in functional assays for suppressor 
activity. Research supported in pan by CA-29476 and CA-41183. 

Antigenes Defined By T Cells 
K 006 

lstituto Nazionale Tumori 201 34 ,Milan, Italy and * lstituto Ricerche Farmacologiche Mario Negri. 201 57. Milan. Italy 

M O L M l C  T LYMPHOWE RESPONSE TO AUTOLOGOUS MELANOMA ROLE OF INTEGRINS AND ADHESION MOLECULES. 
Andrea Anichinil Roberta Mortsrini’, Saverio AlbertiZ, Alberto Mantovanizand Giorgio Parmiani’. 1Dwision of Experimental Oncology D 

The dona1 analysis of cytolytic T cell (CTL) response to metastatic 
melanoma cells h a s  revealed that intra-tumor heterogeneity for sus- 
ceptibility to lysis by doned CTL is a common feature among tumors 
isolated from a number of patients. In fact by doning tumor cells with 
the soh agarose technique and testing melanoma clones for lysis by 
a panel of autologous CTL dones, it is  possible to findtumor 
clones which ere killed by most T cell effectors and other tumor 
clones which show a low degree of susceptibility to cell-mediated 
lysis The phenotypic analysis of melanoma cells with low suscepti- 
bility to lysis revealed that all these clones expressed lower levels 
of the adhesion molecule ICAM-1 and of 81 integrins in comparison 
to the tumor cells with high susceptibility to lysis The differential 
expression of ICAM-1 on melanoma clones, however. did not affect 
conjugate formation. as indicated by adhesion assays, suggesting 
that absence of lysis by some CTL clones might be primarily due to 
absence of T cell receptor CcR) triggering by the neoplastic target. 
In fact TcR triggering by antibodies to the CD3 complex induced 
CTL-mediated lysis of all neoplastic clones. In addition. modulation 
of I W - 1  levels by IFNy could substantially increase. but not induce. 
tumor cell lysis only by those CTL dones acting in a TcR-dependent 
and MHC-restricted fashion. These data suggested that ICAM-1 
up-regulation might boost the efficacy of a n  LFA-l-dependent signal. 
aaing in synergy with TcR triggering. thus leading to inaeased 

target lysis only by specific anti-tumor CTL. In fad inhibition assays 
by monodonal antibodies to LFA-1 or to ICAM-1 indicated that the 
increase of lysis observed after ICAM-1 up-mgulation could be 
inhibited to similar values by interfering with recognition of either 
LFA-1 on the effector or ICAM-1 on the target. The role of ICAM-1 in 

the differential susceptibility to lysis by tumorspecific CTL dones 
was confirmed bytrensfecting the  l W l  gene in a melanoma done 
expressing low levels of endogenous ICAM-1 The transfected 
clone expressed higher levels of ICAM-1 and increased suscepti- 
bility to lysis only by tumor-spectfic T cell clones acting in a TcR- 
dependent fashion, thus confirming that the level of expression of 
this adhesion molecule can affect melanoma cel l  lysis marnlywhen 
TcR triggering by tumor-associated antigens takes place. Finally, 
the potenbal role of El integrins expressed on melanoma clones in 
the CTL-tumor interaction was investigated by inhibition assays.The 
results of these experiments indicnted that monodonal antibodies to 
at least three different extracellular matnx receptors expressing the 
a4. A. and a6 subunits of E l  integrins could significantly reduce the 
CTLmediated lysis of melanoma cells. In addttion. inhibition of lysis 
was seen with either tumorspecific and n o n  specific CTL i.e. inde- 
pendently from TcR triggering. These data suggest that inaeased 
levels of El integnns on some melanoma cells might contribute to the 
interaction mth all autologous CTL dones. 
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KO07 MOLECULRR ENGINEERING OF THE ANTITUMOR IMMUNE RESPONSE, Drew Pardoll’, Paul Golumbek’, Liz Jaffe’, 
Hy Levitsky’, Glen Dranoff‘, and Richard Mulligan‘, ’The Johns HopkinS University School of Medicine, 

Baltimore, MD. 21205 and ‘Whitehead Institute, Boston, MA. 02139 
One of the most critical questions in cancer 
immunology is why the immune system fails to 
eliminate tumors that arise do novo. Concentrating 
on the T cell-mediated immune response, we sought to 
determine whether this was due to an absence of CTL 
precursors capable of recognizing tumor-specific 
neoantigens or rather, a failure of the helper arm 
to produce the lymphokines that act as critcal 
second signals for CTL activation. We devised a 
novel strategy to answer this questions that 
involved engineering tumor cells by gene 
transfaction to produce helper lymphokines known to 
be important for CTL priming. The critical feature 
of this approach is that the helper lymphokine is 
produced only where the antigens are. We reasoned 
that these engineered tumors might effectively 
activate “latent“ tumor specific CTL by bypassing a 
defective T helper a m .  When cells from a 
spontaneously arising renal cell tumor were 
engineered to secrete large doses of Interleukin-4 
(IL-4) locally, they were rejected in a 
predominantly T cell-independent manner. In 

addition, animals that rejected the IL-4 transfected 
tumors developed T cell-development systemic 
immunity against the parental tumor. 
immunity was tumor-specific and primarily mediated 
by CL?t T cells. The systemic immune response 
generated by this approach was strong enough to cure 
animals with small amounts of parental tumor 
established in the mice prior to injection of the 
genetically engineered tumor. Certain lymphokine 
combinations that generate potent CD8 dependent 
immune responses require CD4 at the priming stage. 
It therefore appears that endogenous tumor-specific 
T helper cells are being converted from a tolerant 
state to an activated state. This hypothesis is 
currently being tested using TCR-transgenic mice 
bearing a TCR specific for an MHC class II- 
restricted tumor antigen. Because these results 
provide a rationale for the use of lymphokine gene- 
transfected tumor cells as a modality for cancer 
therapy, we have begun to use amphotrophic 
retroviral vectors to transduce primary human renal 
and ovarian tumor explants. The results of these 
efforts will be discussed. 

This systemic 

TIL can be grown Selectively from smgle cell digests of human melanomas tn the presence 
of IL 2 These cultures. when propagated for approximately 30 days or more. become 
predominantly CD3* ~ CDB‘ , HLA DR’ lymphocyte populations whose clonality IS limited. 
a s  shown by analysis 01 TCR 8 gene rearrangements In short term 51Cr release assays. 
many melanoma TIL cultures can lyse fresh or cultured autologous melanoma cells, but 
not tumors of other histologies nor autologous PBL. cultured fibroblasts, or EBV 
transformed B cell lines Lysis can be inhibited by mAb directed against MHC class I 
molecules lW6/32 anti 82 mtcroglobulinl or the TCR lantt CD31 These data suggest that 
CD8* TIL function a s  CTL In recognizing a putative MAA Studies using melanoma TIL 
to lyse HLA matched allogenec melanomas have shown that commonly expressed MAA 
can be recognized by TIL In the context of a variety of HLA A, B, and C molecules Lys6 
of HLAmatched nonmelanoma tumors. or unmatched allogeneic melanomas, was not 
observed Lysis of HLA-matched alloneneic melanomas could be inhibited by W6132 and 
anti-CD3, providing further evtdence for Specific recognition of shared MAA To detect 
MAA on tumors of any HLA phenotype. SIX cultured melanoma lines which do not 
naturally express the HLA A2 molecule were transfected with the gene for HLA A2 1 ,  
and transfected tumor clones were used a s  targets for lysis by HLA A2 restricted 
melanoma-specific TIL All 17 clones expressing HLA-A2 1, but none of 12 clones failing 
to express this restriction element, were lysed by TIL, suggesting that common MAA are 
expressed among melanoma patients regardless of HLA type Specific recognitron of 
MAA by CD8’ or CD4’ TIL can also be detected by measuring the release of GM CSF, 
IFN y, and TNF-a from TIL cocultured with the appropriate tumor stimulators Cytokine 

K 008 

S u r g e r y  Branch, Nat iona l  C a n c e r  Institute. Nat iona l  I n s t i t u t e s  of Heal th ,  B e t h e s d a ,  MD 20892 

RECOGNITION OF MELANOMA A S S O C I A T E D  ANTIGENS IMAAI BY HUMAN T U M O R  INFILTRATING LYMPHOCYTES ITIL), S u z a n n e  L 
Topal ian .  S o p h i a  S Horn, Y u t a k a  K a w a k a m i .  Mar ie  Mancint.  D o u g l a s  J S c h w a r t z e n t r u b e r ,  Rina Z a k u t .  a n d  S t e v e n  A R o s e n b e r g ,  

release IS MHC restricted a s  it can be inhibited by mAb dfrected aizamst MHC class I or 
class I1 molecules Ifor CD8’ or CD4‘ cells, respectwelyl, and can be used to detect 
shared MAA on allogeneic tumors. v’yo. “‘In labeled TIL tnfused into melanoma 
patients with metastatic disease have been shown to trafftc specifically to sites of 
disease but not to normal tissue: the potential roles of cytolysis and/or cytokine release 
In mediating tumor regressions ate currently under uwestigation. Studies are also In 
progress to identify the gene encoding a MAA. using TIL Iysts or cytokine productton to 
detect transfectlon recipients expressing the moleculels) of Interest. 

1.  Topahan, S.L.. Solomon. D., and Rosenberg. S.A : Tumor-specific cytolysis by 
lymphocytes mfkltratmg human melanomas. J. lrnrnunol 142.3714-3725. 1989. 

2 .  Hom. S.S.. Topalian, S.L.. Dmonis. T., Mancmi, M.. and Rosenberg, S.A.. Common 
expression of melanoma lurnor-associated antigens by human tumor inliltrating 
lymphocytes: Analysis by human lymphocyte antigen restriction. J lmmunother 
10:153-164. 1991. 

3. Schwartzentruber, D.J., Topalran. S.L., Mancm. M.. and Rosenberg. S.A.: Specific 
release of granulocyte-macrophage colony~stimulating factor. tumor necroscs factor~a. and 
IFN-v by human tumor-infiltrating lymphocytes after autologous tumor stimulation L 

146:3674-3681. 1991. 

Use of Antisense Molecules 
K 009 A N A L Y S I S O F T H E  F I B R O B L A S T G R O W T H  F A C T O R  R E C E P T O R  I N  N O R M A L  H U M A N  M E L A N O C Y T E S  A N D  MALT‘iNANT M E L A N O M A S ,  

Dorothea Becker’, a n d  Meenhard  Herlyn’, ‘Depar tmentof  Medicine,  University of Pittsburgh, Pit tsburgh, PA 15261, ’The Wistar Insti tute,  Philadelphia,  
P A  19104. 

Over  the  past  several years, human malignant melanomaand its  precursor lesions 
has emerged  as a n  ideal system f o r  t h e  s tudy  of molecular events  governing t h e  
process of  tumor  progression. O n e  of  the  f ind ings  tha t  emerged  as par t  o f  these 
studies was the  observation tha t  proliferation of  pr imary  a n d  metastatic 
melanomas a re  dependent  u p o n  the  au tocr ine  production of  b F G F ,  whereas 
normal melanocytes fa i l  t o  express t h e  b F G F  gene a t  de tec tab le  levels. in 
contrast ,  s tud ies  presented here  demonst ra te  expression of  the  fibroblast  g rowth  
fac tor  receptor in  both normal  melanocytes and malignant melanomas as melanocytic system. 
evidenced by  the  presence of a 3.5 k b  m R N A  transcript  a n d  detection of  a 

145 kd pro te in  product  in these ce lk .  Antisense oligonucleotides targeted 
against  t h e  translation s ta r t  si te a n d  a splice donor-acceptor si te of  human 
fibroblast  g rowth  receptor no t  on ly  inh ib i t  t h e  proliferation of normal 
melanocytes a n d  malignant melanomas but  seem t o  cause  dendr i te  format ion  a n d  
d is rupt ion  of  cell-cell adhesion. T h e  fac t  tha t  none o f  these changes a re  
apparent  upon inhibit ion of  expression of  t h e  b F G F  gene  m a y  suggest a role of  
the  F G F  receptor as an important mediator in  cell-cell interactions in t h e  
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KO10 TRANSCRIF'TIONAL INHIBITORS AND DIRECT GENE TRANSFER INTO TUMORS JN VIVO, Gary J. Nabel, Howard 
Hughes Medical Institute, University of Michigan Medical Center, Ann Arbor, MI 

The aberrant growth of melanoma and other malignant 
tumors is caused by the inappropriate expression of 
genes which regulate cell proliferation. Such gene 
products have served as targets for anti-neoplastic 
agents. One approach to the modification of gene 
expression viva is to develop transcriptional 
inhibitors, which prevent the synthesis of specific 
genes. We have generated such inhibitors which 
interfere with transcriptional activators by 
mimicking the &-acting regulatory sequences to 
which they normally bind. This method relies on the 
use of the double-stranded form of modified 
oligonucleotides (phosphorothioates) which mimic DNA 
binding sites. These transcriptional inhibitors can 
affect gene expression specifically and exert potent 
effects on the viral and cellular gene expression to 
inhibit cell growth. A second approach to the 
treatment of malignancy is to introduce recombinant 
genes directly in vivo to inhibit tumor cell growth. 
The expression of foreign histocompatibility (MHC) 

proteins in living organisms stimulates a potent 
immune response which mediates tissue rejection. 
Expression of a foreign KHC gene has been 
directed to malignant tumors viva in an 
effort to stimulate tumor rejection. By direct 
gene transfer, a murine class I H-2KS gene was 
introduced ,in vivo into subcutaneous tumors f om 
the CT26 mouse colon adenocarcinoma (H-2 ) .  
Expression of this foreign MHC gene within 
tumors induced a cytotoxic T cell response to H- 
2Ks and, more importantly, to other antigens 
present on unmodified tumor cells. This immune 
response attenuated tumor growth or caused 
complete tumor regression in several animals. 
This approach has also been applied to murine 
malignant melanoma. Direct introduction of 
recombinant genes into tumor cells viva 
provides a novel and effective method for the 
immunotherapy of malignancy. 

8 
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USE OF ANTISENSE TECHNOLOGY TO PROBE THE ROLE OF ONCOGENES IN THE REGULATION OF NEUROECTODERMAL 
GROWTH AND DIFFERENTIATION, Len Neckers. Angelo Rosolen and Luke Whitesell, Clinical Pharmacology Branch, 

Neuroectodermal tumors of childhood provide a unique 
opportunity to examine the role of genes potentially 
regulating neuronal growth and differentiation because 
many cell lines derived from these tumors are composed 
of at least two distinct morphologic cell types. These 
types display unique phenotypic characteristics and 
spontaneously interconvert in vitro. One variant, the 
epithelial like S cell, is adherent, displays contact- 
inhibited growth, is unable to clone effectively in soft 
agar, and is non-tumorigenic in animals. The second 
variant, the neuroblastic N cell, is only weakly adherent, 
grows without contact inhibition, clones in soft agar, and 
is tumorigenic in animals. The factors that regulate the 
spontaneous interconversion of these two morphologic 
types are unknown, as are the reasons why both 
morphologies co-exist in culture over many passages. We 

have utilized antisense technology to study the role of 
the NMYC gene in these phenomena. Both antisense 
phosphodiester 15-mers complimentary to the translation 
start site of NMYC mRNA, as well NMYC antisense- 
expressing episomal replicons, can successfully block 
NMYC protein expression in these cells. Our findings 
implicate NMYC in maintenance of the cellular 
heterogeneity characteristic 'of these cell lines in vitro. 
In this way, NMYC expression may supply a growth 
advantage to the culture as a whole. However, although 
rnonomorphic clones proliferate less rapidly than wild 
type cultures, NMYC suppression does not abrogate 
tumorigentcity in viva These results demonstrate the 
utility of antisense technology in studying the role of 
individual genes which regulate the complex biology of 
neuroectodermal cell lines. 

Cytokines and the Endocrine System (Joint) 
K 012 

Manv modds bave been advanad 10 acmunt for the association of HLA typr with 

PATHOGENIC ROLE OFCMOKINES IN AUTOIMMUNE ENDOCRINE DISEASES, Klaus Benchen. Labratory of Medical Immunology TTA 7544, 
Rigshospitalet University Hospilal, DK-2200 Copenhagen N, Denmark 

autohmune endocrine diseases. For example, a h a n t  expression of MHC-class 11 
mdccules may fadlitate a T all-mdiated attack against 'forbidden antigens' on endocrine 
ails. Howeva. cytokinu pOauad by MHC d m  II-bcaring macrophages (M0) may also 
wnmbutc lo endocrine disease (14). Thus. I L I  suppruscs insulin production in vifro 
through a dirccl q c i o x i c  dfcd 00 puucatic p 4 s .  This effect is modulakd by IRAP. a 
Speorrc IL-I pmptor antsgonist, suggaling the involvement of 'classical' ILI rurptors 
on a other islet d l s  involved in Bfcll damage. The loxiaty afforded by IL-1 is 
dated to disturbtd glucose metabolism in pcell mitochondria. Other cytoldnes such as 
TIC% IL6 and IFF+ also influma insulin produdon. upaially in mnjdon with IL 
I ,  but thuc qokines are generally not cytotoxic. Trcalment of the SponIanmusl y diabetic 
BB rat with antibodis to lFNy prcvents the discapc (5). and drugs such as cydospni~~ and 
fusidic add intufae with IL I-mcdiated cff- on d e n t  &cells and with the development 
of qxmkarie~us diabetu in the BB r a ~  Olba mdarine d l s  are slrpoepriblc to modulation 
by cytohes. For example. ILl supprsxs. but does wt kill. buman thymid d l s .  
A stimulatory dfccl on insulin and thyroglobulin production is obscsved at exImnely low 
wnm~~ations of 1L-1 and of higher bur in vivo atlainablc levcls of IL4.  lhis suggests 
tha cytckina may have impomt fundons as physiologIul regulators of endocrine 
cdls. for cxamplc during wnditioer of S~YSS. A role of ILr6 is funbu rupponed by i e  fact 
that JL6 is produced by glumoe-stimnlalcd rat islets and by secondary culnuS of human 
thyrocyles. in particular after challenge with IL-1. Also, IL-6 causes similar damage to 
p a n ~ c g o c l l s  asdoaIL-1. 
Roposed models fM a role of cytokines in insulin-dependent diabetes rnellinu and. 
possibly. in other autoimmune mdozxine dr-: 
Model 1: Initial damage (virus?) affects the endocrine target cells themselves. 
Acfumulatcd M0 a- T and B lymphocytes and NK cells. The MO. and/or the MHC 
dass iI+ mgeu thcmxlves, present antigcn(s) to spedfically reactive T cells releasing 
addrti0na cytokincs. IL-I and I L 4 ,  pOtentialcd by TNFa and IMy.  further damage the 
cells. Eventually. autoantibodies aud immune mmplexrc mnmbutc to b d l  &sUuction. 

'I%e Jpaifiaty in this model is g o v d  by Ihc S F ~ ~ U I I Y  d v c  T l~mphocy(u and by 
the spedficity of thc in fdous  or toxic damage inIliued upon the target d l s .  
Model 2: The initial toNc. inflammatory or infectious rcaction(s) take pla~c  in the 
vicinity of the target cells. which as 'innaxnt bystanders' become the viclims of an 
immunological anadr. A pcrivax~~Iar process and/or vxidit is  in &em11 blood vessels 
bigger the pmtuFtion by endothelid ails and smoocb m d e  d s  of I L L  TNFa and IL 
6, which may accumulate at high. b-ccll toxic levels in the islcu. This initially 
n-fic d m  eventually bsancs immunologically spedfic d t i n g  in acalcra~cd 
&cell datnution. This model urodicts the existence of several 'ctiolonical factors' in the 
mume of evmu i h g  to &mcs mdhnrr. even LII thc m e  UI&VI& I t  also crplatru 
the rmdmg of MHC dass Il proteur~ on v d a r  endocbellum LII pcdrabchc BB raul md m 
recent-ollxt d~akteJ mcllttur. even LII 01 amund ISI& wthwt MO mvaston (see 2) 
lo both models. che maptudc of a T all-mahated anack dcpcoae upon the hMC dass Jl 
type of tbc tnd~vidual. &lip scmunung fa the MHC mswauon of many autolmmune 
codomne drsadcrs Howcva. sma Ihe TNFa gcne i s  polymorpbrc and located LII the 
hlHC rcplos thc ch-c aPsmated HLA types may bc hkcd to TSFa dlcles mdmg f a  
prolonged d a  pronounced acucnm of h s  c p h n e  Thus. act~vlued pcntmcal MO 
from the spootanmusly & a h c  BB rat seuctc =re ThR than cells from draklca 
mistant 01 namal rau (6) Also. HO f r w  HLA-DR2+ bcalthy h w d u a l s  rapond l a s  
wgmurly mth rapocl~o R\Ta produc~on. h s  rmght aplatn tbc protsum PIladed by 
1U DRZ m &abua mellttus (see 2) 
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K 013 NATURAL REGULATORS OF T-CELL LYMPHOKlNE PRODUCTION IN VIVO, Raymond A. Daynes, Tad A. Dowell, and Barbara 
A. Araneo, University of Utah School of Medicine, Salt Lake City. UT 84132. 

The development of protective immunity in vivo requires T cells to receive, 
integrate, and respond appropriately to a variety of exogenous and endo- 
genous signaling systems. Foreign antigen represents the main exogenous 
signal, conferring specificity to immune responses by promoting the activa- 
tion of only those T cells bearing complimentary cell surface receptors. The 
consequences of T-cell activation in vivo, however, appear to be internally 
controlled b u g h  the activities of endogenous substances capable of regu- 
lating the functional potential of recirculating T cells. Many distinct types 
of naturally occurring molecules exist that can alter the functional properties 
of T cells. Cytokines, growth factors, other polypeptide hormones, amch- 
idonic acid metabolites, and numerous steroid hormones, have all been thor- 
oughly investigated for their ability to modify the biochemical behavior of T 
cells. Some of these agents exert their effects systemically (e.g., glu- 
cocorticoids and certain cytokines) while the actions of others (e.g., pros- 
taglandins, growth factors, and some steroid hormones) are anatomically re- 
smcted. Such controlling mechanisms are quite important to the immune 
system. They provide it with an extensive degree of flexibility plus the ca- 
pacity to compartmentalize specific effector responses to particular tissue 
microenvironments. 

We have been investigating the roles played by certain species of steroid 
hormones that gain access to lymphoid tissues as a consequence of end- 
organ metabolism of inactive circulating precursors. Localized production 
of dehydroepiandrosterone (DHEA) from its circulating sulfated precursor 

(DHEAS), coupled with the enhancing influence of DHEA on activated T- 
cell lL-2 and yiFN production, provides a simple biochemical means to reg- 
ulate the functional potential of T cells residing within tissue sites where thls 
hormone is being effectively metabolized. Our studies also indicate that di- 
hydrotestosterone and 1.25dihydroxyvitamin D3 play equally important 
roles in controlling the nature of T-cell responsiveness within particular lym- 
phoid organs in the body. Therefore, alterations to the functional properties 
of T cells that accompany stress, trauma, or aging may, in part, be due to 
fluctuations in tissue localized and systemic steroid hormone levels. 

The results of our very recent studies implicate platelet-derived growth fac- 
tor (PDGF) as being an extremely potent modulator to the functional prop- 
erties of T cells. Once again, these controlling influences only become man- 
ifest after cellular activation. T cells exposed to nanogram quantities of 
PDGF are able to markedly enhance their lL-2 production following activa- 
tion, while simultaneously depressing the ability to secrete other lym- 
phokines (e.g., L 4 ,  IL-5, ylFN). T cells residing near tissue sites of injury, 
where platelet activation occurs, are probably being influenced by PDGF. 

We believe that a major immunobiologic role played by steroid hormones, 
specifically those species that undergo end-organ metabolism, is to create 
and maintain microenvironmental distinctions between discrete lymphoid or- 
gans. PDGF, as an example of a locally released bioactive substance, func- 
tions to create unique microenvironments anywhere in the body. 

K 014 
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PATHOLOGICAL EFFECTS OF CYTOKINE EXPRESSION IN VIVO Nora Sarvetnickl, Judy 
Shizumz, Danling Gu', Lise Wogensenl, Marijo Gallinal, *Department of Neurophamacology, 

Cytokink^s such as IFN-g 'are produced during 
specialized circumstances such as infection. These 
pleiotropic molecules could potentially be responsible 
for some of the complex morphological changes 
associated with infection. We are interested in the 
pathological consequences of cytokine expression in 
vivo. We have utilized transgenic mice to target 
expression of several inflammatory cytokines to the 
pancreatic beta cells. The expression of IFN-g in the 
pancreas leads to lymphocytic inflammation and islet 
cell loss. The islet cell loss is mediated by the 
lymphocytes that accumulate in the pancreatic 
parenchyma. Additional morphological changes are 
observed in the IFN-g expressing pancreas including 

altered pancreatic vasculature as well as duct cell 
hyperplasia and islet cell regeneration. By analysis of 
SCID backcross mice some of these changes were 
demonstrated to be due to the infiltrating lymphocytes 
while others are more likely due the direct actions of 
the cytokine itself. More recently we have been 
studying the consequences of expression of other 
inflammatory cytokines on the morphology of the 
pancreas. In contrast to the studies with IFN-g, 
expression of the cytokine IL-10 in the pancreas leads 
to intense inflammation but apparently no significant 
islet cell loss. The discussed studies are aimed at 
furthering our understanding of the complex actions 
of these molecules in vivo. 

Animal Models of Melanoma 
K 015 IMMUNOBIOLDGY OF PRIMARY MuRlNE MELANOMAS. Cheme K. Donawho and Margaret L. Kripke, Department of Immunology, 

The University of Texas M. D. Anderson Cancer Center, Houston, Texas. 
Primary cutaneous mlanomas can be induced in inbred m u s e  strains by 
applying an initiating dose of a chemical carcinogen (DMBA) to the 
skin of 4-day old mice, followed by long-term, chronic application of a 
tumor promoter (Berkelhammer, et al. Cancer Res. 42:3157, 1982). 
Preliminary experiments suggest that the fmal incidence of melanomas is 
strongly influenced by the age at which the initiating dose of carcinogen 
is applied. Melanomas induced by this method in C3H mice are 
immunogenic and exhibit a high degree of crossreactivity in in vivo 
immunization and challenge assays. Exposing the mice to UV radiation 
during carcinogenesis dramatically accelerates the appearance of the 
melanomas. We are attempting to determine how UV irradiation 
potentiates melanoma induction by studying the growth of melanoma 
cells transplanted into W-irradiated skin. Our recent studies suggest that 
W irradiation accelerates the outgrowth of melanoma cells by means of a 
local, immunosuppressive effect on the skin. Because UV radiation can 
suppress the induction of contact hypersensitivity (CHS) to contact 
sensitizing baptens applied to the UV-irradiated site, we investigated 

whether such an inhibition of the afferent arm of the immune response 
could be demonstrated at the site of melanoma growth. We found that 
the protocol of UV irradiation that accelerated the development of 
melanomas had no effect on the induction of CHS. Furthermore, 
immunization of mice with melanoma in the UV-irradiated site induced 
protection against in vivo challenge with melanoma cells. Conversely, 
conditions of UV irradiation that impaired the induction of CHS had no 
effect on melanoma growth. In contrast, the regimen of UV radiation 
that enhanced the development of melanomas also inhibited elicitation of 
the delayed hypersensitivity response to allogenic spleen cells and the 
rejection of melanomas at the site of UV irradiation in immunized mice. 
These studies suggest that UV irradiation facilitates melanoma 
development by interfering with the expression of efferent immunity in 
the UV-irradiated site. Furthermore, they demonsbate that in addition to 
its ability to inhibit the induction of CHS. UV radiation can also interfere 
with the elicitation of certain cell-mediated immune responses, under 
appropriate conditions. 
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Transgenic mice with the SV40 T-antigen gene driven by the tissue- 

MALIGNANT MELANOMA IN TRANSGENIC MICE, Beatrice Mintz. Lionel Larue. Monika Bradl. Susan Porter. and Andres Klein-Szanto. 
Institute for Cancer Research, Fox Chase Cancer Center, 7701 Burholme Avenue, Philadelphia, PA 191 11. 

specific tyrosinase promoter succumbed at ayoung age to-invasive and 
metastatic melanoma originating in the eyes. At that time, skin 
melanomas were beginning to appear and were still at an early stage. 
The properties and longer-term fate of the skin melanocytes have 
therefore been further analyzed by skin transplantation, by cell culture, 
and by ultraviolet irradiation in vivo and in vitro. Transgenic melanocytes, 
which are hypomelanotic in the skin, were explanted from ostensibly 
normal areas of mice with multiple copies of the transgene and were 
found to differ from normal in having shorter doubling times, in being able 
to grow in relatively impoverished media, and in achieving anchorage 
independence. From the outset, these deviations were more extreme in 
cell lines with relatively larger numbers of tandem transgene copies. The 
cells continued to depart further from normalcy during more prolonged 
culture and were tumorigenic when grafted to immunosuppressed hosts. 
In contrast, the melanocytes from hemizygous mice with a single copy of 

the transgene were only slightly different from normal, until a rare 
spontaneous change leading to tumorigenicify occurred. or until the cells 
were UV-irradiated. When hemizygous single-copy mice were bred to 
homozygosity, their explanted cells quickly showed transformed 
characteristics and were tumorigenic. As these various cell lines of 
transgenic rnelanocytes reproducibly undergo a series of changes in 
culture, leading to malignancy. they provide exceptional material for 
isolation and identification of genes whose changes in expression are 
causally related to malignant progression. In addition, the transgene was 
found in some individuals to express itself in a mosaic fashion in vivo. 
thereby generating developmental clones of melanocytes with different 
degrees of propensity for neoplasia. Melanocyte clonal variation in gene 
expression was also found in other transgenic experiments. Such 
animals furnish new genetic models for analysis of normal development 
and of malignancy. 

K 017 THE USE OF CONGENITALLY IMMUNE-DEFICIENT MICE TO STUDY HUMAN TUMOR METASTASES AND IMMUNOTHERAPY, 
J.J. MulB, D.L. Jicha, and S.A. Rosenbera, Surserv Branch, NCI, NIH, Bethesda, Marvland 20892. - - .  

Malignant melanoma metastasizes tn virtually any organ or tissue in patients. In contrast, 
xenogenetc transplantation of human malignant melanoma subcutaneously or 
intravenously rarely causes dissemination in athyma (nude1 mice, unless melastasidnp 
variants of the original tumor are generated by in v i m  or in vivo selection methods. This 
lack of metastatic spread has hampered anempts to generate relevant human melanoma 
models tn mice to test the therapeutic efficacy and tumor-homing capacities of immune 
reagents, SUCh as momclonal antibodies or autologous human immune effector cells. We 
have examined the capacity of fresh human melanoma cells to grow, metastasize, and 
retain phenotypic characteristics tn the tripleimmune~eficient beige (bglhude Inullxid 
IBNXJ mouse. This mouse strain is phenotypically and functionally depleted of T cells, 
B cells, and precursors of LAK cells. Because of the severe immunocompromised status 
of these animals. it was postulated that human melanoma cells may escape recognition 
by this mouse strain and thus suwive for sufficient time to show organ tropisms similar 
to those often found in patients. The intravenous injection of fresh single cell 
suspensions of human malignant melanoma resulted in widely disseminated disease, with 
numerous tumor nodules identified subcutaneously as well as in a variety of visceral 
organs including spleen, kidney. thyroid. adrenals. lungs, heart. eye and brain. BNX 
mouse lymph nodes were consistently replaced by human malignant melanoma. There 
was no correlation between the percentage of tumor-associated lymphocytes in a given 
patient's fresh melanoma biopsy and its capacity to metastasize. Wldespread organ 
involvement with injected fresh human malignant melanoma was not observed in athymic 
(nude1 mice. Moreover. in contrast to our experience with human melanoma, single cell 
suspensions of human colon adenocarcinomas transplanted subcufaneously to BNX mice 

grew very slowly and failed to disseminate upon intravenous injection. The presence of 
human melanoma cells in BNX mice was confirmed by FACS analyses using melanoma- 
specific momclonal antibodies (mAbs R24 and 48.7) as well as by histology. Metastatic 
melanoma nodules isolated from a variety of organ sites in BNX mice shared similar FACS 
staining profiles with the respective Datient's original fresh melanoma specimen. Thus, 
this model should prove relevant in sttidies to evaluate the therapeutic potency of human 
melanoma-specific mAbs and immunotoxins as well as new chemotherapeutic agents. 
We have also found that human melanoma passaped in BNX mice remained Ivsable b 
vitro by specifically cytolytic human autologous tumor infiltrating lymphocytes mLI. 
suggesting that T cell defmned tumor antipens were also stably expressed. The adoptive 
transfer of autologous human melanomaspecific, cytolytic TIL ffrom two separate 
patients) m conjunction with the administration of interleukin-2 could significantly improve 
the survival of mice with disseminated disease when treatment was initiated three davs 
after the intravenous injection of human melanoma cells. Although long-term persistence 
of transferred TIL was not observed in non-tumor bearing BNX mice, studies are needed 
to evaluate tumor bearers. Likewise, further investigation is required to determine 
whether trafficking of human lymphocytes occurs across mouse endothelimn in this 
disseminated melanoma model. Finally. the BNX mouse may prove valuable in studies 
of the cellular and molecular pmwses  involved in metastatic spread of homsn 
melanomas. For example. BNX mice may serve as a useful host to correlate tumor 
suppressor gene expression (e.9.. nm23l in human melanoma with i t s  metastatic potential 
in vivo. 

Neural Crest Malignancies 
KO18 HEDUIJARY THYROID CARCINOMA (HTC) AS A DISORDER OF NEUROENWCRINE MATURATION, Stephen B. BaylFn. Andree de 

B u s t r o s .  Douelas B a l l .  and B a r n  D. N e l k i n .  The Johns Hopkins U n i v e r s i t y  M e d i c a l  I n s t i t u t i o n s ,  B a l t i m o r e .  Maryland 
. I  

21231. 
M C  is a p r o t o t y p e  neuroendoc r ine  tumor vith m u l t i p l e  
p r o p e r t i e s  i m p o r t a n t  f o r  t h e  u n d e r s t a n d i n g  of  t h e  b i o l o g y  o f  
t h e  n e u r a l  c r e s t .  T h i s  cancer  a r i s e s  f r o m  t h e  n e u r a l  c r e s t  
C - c e l l s  o f  t h e  t h y r o i d  gland, c a n  o c c u r  as  one o f  3 
autosornal dominant g e n e t i c  m u l t i p l e  e n d o c r i n e  n e o p l a s i a  
syndromes. and e x h i b i t s  m a t u r a t i o n  d e f e c t s  during tumor 
p r o g r e s s i o n  v h i c h  i n v o l v e  k e y  m o l e c u l a r  s t e p s  in  
neuroendoc r ine  d i f f e r e n t i a t i o n .  The d i f f e r e n t i a t i o n  
a b n o r m a l i t i e s  i n  HTC l e a d  t o  a dec reased  c a p a c i t y  f o r  
p r o d u c t i o n  o f  t h e  ma jo r  p a r e n t  c e l l  p o l y p e p t i d e  hormone, 
c a l c i t o n i n  (CT). The g e n e t i c  a b n o r m a l i t i e s  i n v o l v e d  may 
i n c l u d e  a l t e r a t i o n s  of  genes on chromosomes 10  and 1 v h i c h  
a r e  cand ida tes  f o r  i n i t i a t i o n  o r  p r o g r e s s i o n  Of HTC 
r e s p e c t i v e l y .  We have developed, as  a model f o r  s t u d y i n g  
neuroendoc r ine  m a t u r a t i o n ,  a c u l t u r e  mode l  f o r  i nduced  
d i f f e r e n t i a t i o n  of  MTC t h r o u g h  i n s e r t i o n  o f  t h e  Harvey r a s  
oncogene. T h i s  maneuver a c t i v a t e s  p r o t e i n  k i n a s e  C-mediated 

s i g n a l  t r a n s d u c t i o n  even ts ,  i n c l u d i n g  i n c r e a s e d  c - j u n  gene 
exp ress ion ,  vhich r e s u l t  in s l o v i n g  of  c e l l  g r o v t h .  
i n c r e a s e d  t r a n s c r i p t i o n  o f  t h e  CT gene w i t h  a l t e r e d  s p l i c i n g  
o f  t h e  RNA t r a n s c r i p t  t o v a r d s  t h e  p a t t e r n  o f  no rma l  C - c e l l s ,  
and r e s t o r a t i o n  of  mature n e u r o s e c r e t o r y  g r a n u l e s  t o  t h e  
cy top lasm.  The r e c o g n i t i o n  s i t e s  and f u n c t i o n s  o f  
t r a n s c r i p t i o n  f a c t o r s  f o r  t h e  CT gene a r e  b e i n g  i d e n t i f i e d  
and i n c l u d e  genes v h i c h  a r e  known t o  play k e y  r o l e s  i n  
deve lopmen ta l  even ts .  A t i s s u e - s p e c i f i c  enhancer r e g i o n  
a p p r o x i m a t e l y  1 kb 5'  t o  t h e  t r a n s c r i p t i o n  s t a r t  s i t e  h a s  
been i d e n t i f i e d  vhich c o n t a i n s  3 e s s e n t i a l  h e l i x - l o o p - h e l i x  
(HLH) consensus s i t e s .  Ha- ras  gene induced  CT t r a n s c r i p t i o n  
r e s u l t s  from c o n c e r t e d  a c t i o n  o f  A P - 2 - l i k e .  c y c l i c  AMP 
response element (CRE) - l i ke  and pou-honeo domain consensus 
sequences a t  150 t o  200 b p  5 '  t o  t h e  s t a r t  s i t e .  The 
p o t e n t i a l  r o l e  of  each of t h e  above m o l e c u l a r  s t e p s  i n  t h e  
g e n e t i c s  and p r o g r e s s i o n  of  HTC w i l l  b e  discussed. 
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K 019 ONCOLOGIC IMPLICATIONS OF DIFFERENTIAL LINEAGE SPECIFIC GENE EXPRESSION IN EMBRYONAL NEURAL 
CREST TUMORS. Mark A. Israel.Pediatric Branch.NCIINIH,Bethesda.MD 20892; Brain Tumor Research 

Center,University of California, San Francisco; CA 941 43-0520.' 
Some childhood malignancies are thought to arise in 
embryonic tissues. These tumors present unique 
opportunities to study the maturation of specific 
cellular lineages and to examine the possible role of 
alterations in the regulation of differentiation in tumor 
development. Several features of neuroblastoma, a tumor 
thought to arise in cells originating in the embryonic 
neural crest, suggest that it may be particularly useful 
in this regard. For example, neuroblastoma has been well- 
documented to regress and both spontaneous and treatment- 
induced maturation to a benign tumor, recognizable by the 
presence of well-differentiated neuronal features, have 
been described. In studies to examine the role of altered 
maturation in the development of this tumor, we identified 
a series of markers that characterize the various cell 
types of the peripheral nervous system which are 
recognizable in neuroblastoma tumor tissues. These include 
cells of the chromaffin, ganglionic, and schwannian 
lineage. We found that the expression of these markers 
was temporally regulated and that the patterns of 
expression that we observed marked recognizable stages in 

adrenal gland maturation. We then examined the expression 
of these markers in neuroblastoma tumor cell lines and 
tissues and found that these could be recognized as 
corresponding to specific stages of adrenal gland 
development. During the course of these studies we found 
that while many neuroblastoma cell lines and tumors seem 
to grow in response to mitogenic stimulation by IGF-11. 
the proliferation of only a small subset seem to result 
from IGF-I1 mediated autocrine growth stirnulation. 
Interestingly, these malignant tissues express a variety 
of developmental markers that suggest they arise in cells 
that express IGF-I1 physiologically during the course of 
normal adrenal medullary development .Current experiments 
directed at understanding the cellular signals by which 
neural crest cell maturation is mediated may provide 
insights of therapeutic import, since neuroblastoma tumors 
corresponding to some stages of differentiation respond 
very differently to non-specific cytotoxic therapies than 
tumors corresponding to other stages. 

K 020 CONSTRUCTING MOUSE MODEL FOR NEUROFIBROMATOSIS TYPE I, Tyler Jacks, Earlene Schmitt, and Robert A. 
Weinberrr.Whitehead Institute for Biomedical Research, Nine Cambridge Center, Cambridge, MA 02142 

A number of human familial cancer syndromes are caused by 
the inheritance of a defective copy of a tumor suppressor gene. 
We are attempting to construct mouse models for these 
diseases by establishing strains tha t  carry analogous 
mutations in the murine homologues of these genes. 
Through the use of gene targeting, we have generated a 
number of mouse embryonic stem (ES) cell lines with 
mutations in the R b - I ,  p 5 3 ,  and NFI genes. Chimeric 
animals have been generated through injection of these 
mutant ES cells into normal host embryos. For Rb-1 and NFI 
several chimeras have gone on to transmit the ES cell genome 
to their progeny. These progeny are currently being genotyped 
to determine which carry the mutant form of Rb-I or N F I .  
Heterozygous animals will be analysed for phenotype and 
crossed to each other to  generate nullizygous animals (or 
embryos). 

The N F l  mutation was designed to best mimic those 
found in human neurofibromatosis type I patients. The 
frequently affected fourth exon (according Cawthon et al., Cell 
62, 1990) has been interrupted by the bacterial neo gene. 
Targeting was accomplished using the positive-negative 
selection scheme with a targeting efficiency of approximately 
one homologous recombinant per 50 G418r cells. Given this 
high frequency of recombination, we are  attempting to 
inactivate the second allele of the NFI gene by repeating the 
targeting protocol on heterozygous ES cells using a targeting 
vector carrying a different selectable gene. These nullizygous 
cells may prove valuable for biochemical analysis of NFI gene 
function. 

Neurobiology (Joint) 
K 021 

Imunoloay, U.C.L.A. School of Uedicine. LOS Anaeles. CA 90024. 

CYTOKINES IN DEflYELINATION AND DYSXYELINATION, Jean E. flerrill', Fredricka C. Xartin', Lisa Thomas', Thomas T. Lee', 
Hanuel A. Orellanal, and Irvin S.Y. ChertZ, 'Department of Neurology, 'Departments of nedicine and Hicrobiology and 
._ - .  

The denyelinating disease multiple sclerosis (US) 1s thought to be the result of 
u t o i m u n e  processes Involving overreactive CD4+ T cells shrch produce Interferon 
gnmM I l F M f ) .  Interleukin 2 I I L Z ) ,  and other cytkrnes. There T cells activate 
peripheral blmd macrophages whlch. IS a consequence, mrgrate Into the central 
nervous systm (CWS) with the T ce l l s  and create Inflamnation. The macrophages are 
actively producing Interleukin 1 IIL11 and t m r  necrosis factor alpha (TNFe) 
This inflamtory event IS associated m t h  dmyelination and death of the 
oligodcndrocyte. the glial cell producing myelin. In addition. astrocytes i n  the 
lesion or plaque respond by glimis, an event which tncludes proliferation and 
hypertrophy. These glial cells, which do not normally express the class I 1  MJOF 

hirtac-atibility 4ntlgen (WHCII) or HLA-OR. becane DR+ in response to imune 
inflamnation. UIcroglral cells are bone-marra derived macrophages; these cells 
are also activated by this process. Both mrcroglia and astrocytes have been r h m  
to produce I t 1  and TNFd'" *. viva i n  US lesions. these cells and the 
invading macrophages also appear to produce these cytokines. Bath gllal 
populations respond to IL1 and T N F q  by This response. and 
the 3 vltro glioszs reen in astrocyte cultures, i s  the indirect effect of other 
cytokiner induced by I t 1  and IN: We hypothesize that Interleukin 6 (IL6) and 
colony stimulating factors are the secondary cytokiner Induced. It6 IS  evident at 
the lesion edge and blood brain In  addttian, IL1 and TNFqare tmpljcated 
!n the destructlo" of myelin and death of the oligodendrocyte. Tranrfomlng growth 
factor beta (TGF ) i s  a It inhibits microglia 

proliferatton '" m. 

barrier. 

natural antagonist of IL1 and TNF<. P 

cell killing of oligodendrocytes and is seen at the edge of burnt out plaques. I f  
I L l .  its, and T N F K  do play a role tn macrophage DT glial cell mdiated 
demyelination. TGFppmight prnvide an autocrine feedback to damregulate the process. 
It night explain the limitation of plaque s i z e  or possibly be a mechanim for the 
relapse-rsmrrion cycles seen in sane WS patients. 

CNS AIDS patients experience nevrologlcal Symptmr rh!ch include headache. 
fever. cognitive changes. a b n o m l  reflexes. and ataxla. More severe disease IS 
characterized by d-ntia and severe sensory and m t o r  dyrfunctlon. Hirtologlcal 
changes ?nclude rnflamnatlon, astrogliosis. microgllal nodule f o m t t o n .  and diffuse 
dyrmyelination in the f o m  o f  myelin pallor. In 20% of Cns A I D S ,  frank 
denyellnation IS seen. AIDS associated neurological dlrearer are correlated with 
greater levels of H I V - 1  antigen or g e n m  i n  brain tissue . In AIDS d-ntia. 
macrophages and microglial cells of the CNS are the predminant cell types infected 
and producing H I V - 1 .  H I V - I  induction o f  IL1 and TNFq. d-nstrated in cultures of 

penpheral blood mnocytelmcrophages and glial cells, rauld lead to an 

autocnne feedback loop involving further wruf  replication in T cells and 
macrophages. I L 1 .  IL6, and TlFa m y  account for many clinical and hirtopathologlcal 
findings ~n AIDS nervous system disease. Since HIV-1 infected pattents produce 
elevated cytoktner 3 lltrD and & v'yo in b i d ,  investigations of the cns for 
their presence i n  association w t h  activated mcrophages, astrocytes. and nicraglis 
is of great importance for a f o m l  a~10~l4tlOn with the clinlcal and pathalcqical 
condl tionr. 
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K 022 THE EMERGING NEUROPOIETIC CYTOKINE FAMILY, Paul H. Patterson, Biology Division, California Institute of Technology 
Pasadena, CA 91125. 
As in the hematopoietic system, the enormous variety of 

phenotypes in the nervous system arises, in part, through the 
action of instructive differentiation signals. Neuronal culture 
assays have allowed the identification and cloning of several 
proteins that control the expression of phenotype-speafic genes in 
developing neurons. The cholinergic differentiation factor (CDF; 
also known as leukemia inhibitory factor; LIF) induces and 
suppresses the expression of a number of neurotransmitter 
synthetic enzymes and neuropeptides in several types of 
postmitotic neurons. Many of these effects are reversible, and the 
particular genes affected depend on the type of neuron under 
study. Ciliary neurotrophic factor (CNTF) alters the expression of 
the same set of genes in sympathetic neurons as CDF/LIF. The 
predicted tertiary structures of these two proteins suggest they 
belong to a family of cytokines that includes IL-6, ONC, MGF and 
G-CSF. This association is strengthened by the finding that the 
receptors for CDF/LIF and CNTF are homologous to the 
transduang and ligand binding subunits, respectively, of the IL-6- 
R. Moreover, CDF/LIF is a polyfunctional cytokine that shares a 
remarkable overlap with IL-6 in its actions on non-neural tissues. 

To begin to study the role of CDF/LIF in vim, we have 
localized its mRNA using RT-PCR and RNase protection 
methods. CDF/LIF mRNA levels are developmentally 
modulated, and substantial differences are observed between 
tissues. Particularly high expression is found in the target tissue of 
cholinergic sympathetic neurons, the footpads that contain sweat 
glands. Sweat glands were previously shown to induce 
noradrenergic sympathetic neurons to become cholinergic in 
vivo. Biochemical and immunological analysis indicates that a 
protein resembling CNTF is also present at the appropriate time in 
the footpad to mediate the phenotypic conversion that 
sympathetic neurons undergo during normal development. In 
addition, CDF/LIF mRNA is selectively expressed in discrete 
regions of the postnatal rat brain, and in liver and spleen at 
particular ages. These results support the possibility that CDF/LIF 
plays a role in hematopoiesis and in the mature CNS. 

References: F. Bazan, Neuron 7 197, 1991; S.C. Landis, TINS 13: 
34.4, 1990; P.H. Patterson, Cell 6 2  1035, 1990; P.H. Patterson, Curr. 
Opinion Neurbiol. 2: in press, 1992; D. Metcalf, Ed., CIBA Found. 
Symp. 167, in press, 1992. 

Molecular Genetics ofthe Neural Crest 

NeGral crest cells migrate from the apex of the n e u 2  tube to a 
variety of locations in the embryo before generating a diverse array of 
differentiated derivatives. The molecular mechanisms underlying 
neural crest cell lineage commitment and differentiation are for the 
most part unknown. Current evidence is consistent with the idea that 
the development of the neural crest involves mechanisms similar to 
those that operate during hematopoiesis. The earliest crest cells are 
multipotent. but become progressively restricted in their 
developmental potential. In some sublineages of the neural crest, 
committed progenitor cells have been identified. These cells have a 
restricted repertoire of developmental capacities and choose their 
fates according to signals in their local environment. One such 
progenitor that has been isolated and studied in detail is the 
sympathoadrenal (SA) progenitor. This cell migrates to the adrenal 
gland and develops into a chromaffin cell under the influence of 
adrenal corticosteroids, or aggregates to form ganglia in the 
sympathetic chain where it develops into a sympathetic neuron. 
Immortalized cell lines have been established from this progenitor by 
retroviral transduction of the v - m y  c oncogene. 

K 023 

Huqhes Medical Institute, California Institute of Technoloqy. Pasadena, CA 91 125 

MOLECULAR CONTROL OF NEURAL CREST CELL DEVELOPMENT, Jane E Johnson1, Susan J Birren:, Kathryn 
Zirnmermanl , Tetsuichiro Saito' ~ 2 ,  Li Ching Lo1 92, Joseph Verdilv2 and David J Anderson1 92, 1 Division of Biology 216-76, 2Howard 

These lines. called MAH cells, appear to have retained many of the 
properties of their normal counterparts. They have been used to 
study the mechanisms whereby developing sympathetic neuroblasts 
become first responsive to. and then dependent upon, nerve growth 
factor (NGF), the prototypic neurotrophic factor. MAH cells have also 
been used to examine additional developmental potentials that may 
be available to SA progenitors. These studies, taken together with 
other recent data, support the idea that the SA progenitor may be a 
multipotent "master" neuroendocrine progenitor for the peripheral 
nervous system. Finally, candidate determination genes for the SA 
lineage have been isolated from MAH cells. One such gene is 
MASHl , a vertebrate hornologue of the Drosophila neurogenic 
determination genes acbaete-scute, which are members of the helix- 
loop-helix family of transcriptional regulatory genes. Recent evidence 
indicates that MASHl is a transcription factor that is transiently 
expressed by restricted subpopulations of neural precursor cells, 
consistent with the idea that it may be a vertebrate neuronal 
determination gene. 

K 024 Abstract Withdrawn 
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K 025 PROTOONCOGENES IN THE NEURAL CREST: NEUROTROPHIN RECEPTORS, 02" Soppet', Pantel i s  Tsoulfas', Dave 
Kaplan:, Enrique Escandon3, Barbara Hempstead', Arnon Rosenthal , Karoly Nikol ics3, Moses Chao', and 

Luis F. Parada', Molecylar Embryology Section, and 'Eukaryottc Signal Transduction, ABL-Basic Research Program, 
Frederick, MD, 21072, Genentech, South San Francisco, CA, Cornell Medical College, New York, NY. 
We are studying a family of closely related tyrosine and encode for at least two distinct gene products: 
kinase (TK) receptors. To date we have identified a full length TK receptor and a truncated version 
three trk TK receptors ( t r k ,  trkb, trkc). All lacking the TK catalytic domain. We have recently 
receptors display expression predominantly in cells demonstrated that the t rk gene products encode the 
of the central and peripheral nervous systems. receptors for the neurotrophic factors: NGF (nerve 
O w i n g  embryonic development, trk is primarily found growth factor); BDNF (brain derived neurotrophic 
in neural crest-derived sensory neurons of the PNS factor); NT-3, and NT-5 (neurotrophins 3 and 5). The 
(trigeminal, superior, jugular, and dorsal root relationships between receptors and ligands are 
ganglia). trkb and t rkc  are more related by sequence complex but provide novel and unexpected insights 
to each other than either is to t r k .  Moreover trkb into the biology and signal transduction of these 
and t r k c  exhibit more widespread expression patterns factors. 

KO26 

L a b o r a t o r y ,  i o  e c u l a r  N e u r o g e n e t i c s  L a b o r a t o r y ,  M a s s a c h u s e t t s  G e n e r a l  H o s p i t a l  and Harva rd  Med ica l  S c h o o l ,  Bos ton ,  MA 
02114 ,  U.S.A., 'Department of Pa tho logy ,  Erasmus U n i v e r s i t y ,  Ro t t e rdam,  The N e t h e r l a n d s .  

Many human cancers are known to occur in hvo different forms: as sporadic different cell t y p s  may be alfected, the most common abnormalities in both NF forms 
tumors in the general population, and as hereditary tumors within families. Hereditary are in the nervous system, in cells of neural crest origin. Acoustic neuromas, Schwann 
tumor syndromes offer unique model systems for isolating genes whose mutations lead cell-derived tumors of the 8th cranial nerve, are the hallmark of NFL and frequently 
to cancer. There is accumulating evidence that hereditary and sporadic tumors are lead to deafness. Furthermore, meningiomas and other neural-crest derived tumors 
caused by similar pathogenetic mechanisms affecting the same genes. The cloning and such as spinal Schwannomas, are common in NIT patients. We have previously shown 
charaderimtion of these genes may therefore have important implications for diagnosis that the gene causing maps to chromosome 2%. The region containing the NFL 
and treatment not only of the relatively rare hereditary tumors. but also for their much gene is frequently deleted in tumors associated with NF2, in both their sporadic and 
more common sporadic counterparts. hereditary forms, including acoustic neuromas, spinal SchwaMomas, and meningiomas, 

R e c o m b i t  DNA technolosy has provided a powerful strategy for suggesting that the NF2 gene belongs to the family of *tumor suppressor" genes, i.e.. 
investigating inherited diseases in which the defective protein is unknown. This strategy genes which normally confer powh suppression, and whose loss of funaion is 
has been termed 'reversed genetics' because the first goal is not to find the defective associated with tumor formation. 
protein, but rather to isolate the defective gene based on the determination of its The recent discovery of a meningioma tumor specimen with a translocation on 
chromosomal location in the human genome. However, most genes which have been chromosome 22 (Zwarthoff et al.) has provided a potential short-cut to the isolation of 
cloned thus far using the "reversed genetics" approach. have been isolated with the the NF2 gene. We have shown that the translocation breakpoint maps to the region on 
additional aid of cytogenetidy virible chromosomal aberrations, providing potential chromosome 22 identified as the NF2 region, based on tumor deletion and linkage 
short-cuts to the defective genes. For example, the gene for neurofibromatosis type 1 studies. We have meanwhile identified flanking markers of the translocation breakpoint 
(NFI) was reccntly identified by cloning the translocation breakpoints of hvo NFI which recognize the translocation breakpoint on pulsed-field gel electrophoresis. These 
patients with constitutional translocations in the NFl region on chromosome 17q11.2 and other markers also appear to identify constitutional aberrations in patients with 
(see fust speakcr). NF2 and multiple meningiomas. Thus, the search for transcripts in this region which are 

NF is one of the most common inherited disorders affecting the human expressed in normal Schwann cells, but not in Schwann cell-derived tumors, may 
nervous system. There are two clinically and genetically distinct forms of NF. NF1 (von eventually lead to the identification of the NF2 gene and/or the or a meningioma 
Redilinghausen NF) and a less frequent form, NF2 (bilateral acoustic NF). Although .tumor suppressor' locus on chromosome ZZ. 

TUMOR SUPPRESSOR GENES AND NEURAL CREST-DERIVED NEOPqSMS: 
TOSIS TIP5 2 (NFZ), Bernd R S e i z i n g e r  , N i k o l a i  K ley  , A n i l  MenonZJ T e r r y  L e r n e r  , Mfa 4 a c C o l l i n  , James 
T r o  f a t e r  , Jona than  Haines',  James G u s e l l a  , Ronald Lekanne-Deprez , E l l e n  Zwar tho f f  , 

TOWARD THE ISOLATION 9F THE GENE CAUSlNG NEUROFIBROMA- 

M o l e c u l a r  Neuro-Oncology 

MHC Molecules and Their Biologic Role 
K 027 

Massachusetts General Hospital. Charlestown MA 02129 
In neuroblastoma, amplification of the N-myc oncogene is closely conelated 

with increased metastatic ability. T'he N-% protem shares significant homology 
with a number of transcription factors that are implicated in the control of cell 
proliferation and differentiation. It is thus likely that N-E contributes to 
neuroblastoma Nmor progression by altering the espression of a number of key 
cellular genes, the altered expression of which is ultimately responsible for the N- 
y p n d u c e d  changes m cellular behavior. 

We have studied the effects  of N - s  expression 00 neuroblastoma 
phenotype by transfecting a rat ueuroblastoma cel l  line with the N - e  
oncogene.  We  found that N-- elicits a number of responses  in rhese 
neuroblastoma cells that are reminiscent of advanced stage human neuroblastoma 
such as mcreased growth rate and increased metastatic ability. 

We have studied b e  effect of N-= on neuroblastoma gene expression and 
found that N - g g  suppresses the expression of MHC class I antigens. neural cell 
adhesion molecule (NCAM) and the 6 isoform of protein lunase C. In each case, 
suppression of gene expression required the continued expression of high levels 
of N-myc, suggesting that N-E was responsible for the observed changes in 
cellular gene expression. 

The N - w  mediated suppression of MHC class I gene expression appears to 
be caused by a reduction in the transcription of MHC class I genes in N - w -  
amplified neuroblastoma. Transfection of murine MHC class I gene promoter 
constructs into neuroblastoma cells, m combmuon with electrophoresis mobility 
shift assays (EMSA). revealed that N - w  suppresses the expression of MHC 
class I genes by reducing the bmding of a nuclear factor. named H2TF1. to an a- 

GENES AND TRANSCRIPTION FACTORS THAT ARE REGULATED BY N-MYC IN NEUROBLASTOMA, Rene Bemards, Anil K Rustgi. Laura 
van 'I Veer. Guus Hateher. Rode& Beijersbergen, Cheryl R x h  and Marc BiUaud. Division of Molecular Genetics, The Cancer Center of the 

hancer element in the MHC class 1 gene promoter. As a result of this. the MHC 
class I gene enhancer is virtually completely inactivated in N-=-amplified 
neurohlastomas. Our recent studies suggest that the H2TF1 transcnption factor 
consists of a homodimer of the pS0 subunit of the NF-KB transcnption factor. 
Our data funher indicate that the gene encoding the p50 protein, which is related 
to the c-@ proto oncogene encoded protein. is suppressed in its expression by N- =. Recent work from others indicates that N-E functions by forming a 
heterodimer with a second protein. named MAX, which allows N-= to bind to 
DNA in a sequence-specific fashion. We have constructed a mutaot MAX 
protein, named AMAX. which has retained the ability to form a heteromdimer 
with N - w ,  but has lost the ability to btnd to DNA. We would therefore expect 
that the 5ivfAX protein could mterfere with N-E protein function by mbibitmg 
its DNA binding. The biological effects of overapression of the AMAX protein 
in N-g&-amplified oeuroblastomas, including its effect on tumongenicity and 
metastatic ability, will be presented. 

-proteins appear to be modular transcription factors: the caboxyl 
terminus of myc proteins is required for dimerization and DNA bindmg, whereas 
the amino termtnus me&ates the trans-activating function of proteins. We 
have recently shown that amino terminal domains of both c - w  and N-E 
proteins can mediate binding to the product of the retinoblastoma gene, pRB. 
Data will be presented that indicate that the mammalian TATA bindmg protem. 
TFIID, also interacts with amino terminal domains of proteins. A model wlll 
be presented in which pRB conuols traos-activation by =proteins. 

306 



Melanoma and Biology of the Neural Crest 

K 028 

7 Silverstein Bldg., Hospital of the University of Pennsylvania, 3400 Spruce St.. Philadelphia, PA 19104. 

TUMOR PROGRESSION AND STEALTH IN MELANOMA: THE ROLE OF HLA-CLASS II MOLECULES, DuPont Gueny. Michael A. Mxander. 
Jeanette L. Bennicelli, and William M.F. Lee, Cancer Center, Pigmented Lesion Group, and Hematology-Oncology Section. Dept. of Medicine. 

Melanoma evolves in stepwise fashion. Evident lesional steps in tumor 
progression include common acquired nevi, dysplastic nevi, the radial 
and vertical growth phases of primary melanoma, and metastatic 
disease. A variety of observations suggests that biologically early 
melanoma evokes an antigen-driven, T call response which becomes 
attenuated with the evolution of the metastatic phenotype. We have 
suggested that melanoma cells of early disease (dysplastic nevi, radial 
growth phase melanoma, and some vertical growth phase lesions) act as 
competent antigen presenting cells, directly presenting tumor- 
associated or model (tetanus toxoid. TT) antigens in association with 
HLA-DR class II molecules to CD4+ T cells. This function is lost with 
tumor progression. We hypothesized that this loss was due to acquired 
dysfunction of class I1 molecuies and demonstrated in antigen 
presentation studies with affinity purified HLA-DR molecules in an 
artificial membrane system that these molecules isolated from 
metastatic (but not primary) melanoma cells fail to present antigen 
(TT). To further implicate class II dysfunction in metastatic melanoma 
we have transduced tumor cell lines with a retroviral vector containing 
full-length HLA-DRB cDNAs. Such melanoma cells have been examined 
by Northern analysis and found to express both endogenous and 
transduced HLA-DRB transcripts. Cell surface expression of HLA-DR 
molecules was demonstrated by flow cytometry using a DR typespecific 

monoclonal antibody. Class II gene transfer and expression resulted in 
restoration of function in two assays. First, a DR expressing metastatic 
melanoma cell, previously unable to present antigen and transduced 
with a DR-matched B gene, successfully presented TT to an antigen- 
specific, DR-matched. T cell clone. Second. another comparably treated 
metastatic cell line was newly able to stimulate the proliferation of 
autologous, peripheral blood T cells. absent the addition of any 
exogenous antigen. These findings suggest that in the evolution of the 
advanced disease phenotype 'natural selection" favors variant tumor 
calls with defective capacity for antigen presentation. Such cells do not 
present tumor-associated antigens to T cells in the afferent arm of a 
cellular immune response. In other systems pre-clinical studies have 
demonstrated: 1) protection against challenge with class II negative 
tumor cells by administration of syngeneic tumor cells genetically 
engineered to express class II antigens; and 2) rejection of established 
tumors triggered by antigen-specific. cloned, helper T cells. Taken 
together, these observations suggest a new therapeutic strategy: the 
expression of functional class II molecules by a subpopulatiin of tumor 
cells reintroduced to the host. This manipulation should allow 
inspection by helper T cells of the tumor cell surface for immunogenic 
antigens and the subsequent. multi-pathway, immunological rejection 
of both engineered tumor cells and their stealthy m-conspirators. 

Imniunotherapy of Melanoma and Other Neural Crest Tumors 
K 029 MONOCLONAL ANTIBODY THERAPY OF NEUROBLASTOMA 

Center, New York 
Monoclonal antibody (MAb) can potentrally target complement, leukocytes, 
radioisotopes, toxms and other cytotoxic agents to melanoma and neuroblastoma 
cells The clinical use of MAbs has. m gn.eral, exploited antigens of restncted 
dstnhution. with high tumor expressxon and relative homogeneity These 
tumor cells are Sensitive to antibody mediated lysis (ADCC, antibody dependent 
cellular cytotox~city and CMC, complement dependent cytotox~c~ty) and are 
often vulnerably positioned (metastatic disease m blood, marrow and lymph 
nodes) for optrmal antibody bindrng as well as requisite contact wth 
complement proteins and leukocytes Phase I studies of mouse MAbs have 
demonstrated their ability to reach tumor sites after systenuc adnunstration 
Toxtcities have been nuid and maximal tolerated doses ere st i l l  bemg delined. 
ADCC nod CMC are potential anti-tumor mecharusms m vivo, smce I )  
antrbodies of IgG subclasses that cam no effector functions have failed to 

AND MELANOMA. Nai-Kong V. Cheung, Memorial Sloan-Kettenng Cancer 

effect clinical responses and 2) significant anti-tumor effects are elicited only 
m rodents whose complement and leukocytes cnn utilize these MAb for tumor 
cytoxicity. While HAMA is delectable in most patients undergoing Mab 
tr-tment, patients with prior intensive chemotherapy (as in most patients with 
neuroblastomas) can be repetitively challenged wrthout mountmg significant 
HAMA titers. Xenogenization of  tumor cells by MAb or the mduction of 
anti-idiotypzc antibodies may potentially lead to active tumor ~mmumty. The 
use of  anti-idlotypic MAb to induce Ftive host anti-tumor response is k m g  
tested m clinical tnals. An increasmg number of cytokmes have been shown 
to stimulate the number and Etivity of effector cells. A rational combination 
of these cytokines end MAbs may be ptcntially useful in the treat-I of 
these chemo-resistant tumors. 

K 030 THE ROLE OF INTERFERONS IN THE THERAPY OF MELANOMA, John M. Kirkwood. Department of Medicine, Division of Medical Oncology. 
University of Pinsburgh Medical Center and Pinsburgh Cancer Institute. Pittsburgh. P A  

Interferons ( lFNs) have been the most broadly applied biological agent in the 
past decade for the investigational therapy of human melanoma. Antinunor 
activity has been observed for nommbinant  and recombinant IFNs. including 
IFN alpha (a). beta (6) and gamma (y). Direct anti-pmliferative effects of IFNs 
are well documented in vim, but efforts to predict clinical responsiveness by in 
v i m  assays against melanoma have not k e n  rewarding thus far. In addition. 
immunomodulztory activity of IFN has been well documented. but m correlation 
between this indirect activity and clinical antitumor activity has been established. 

The largest clinical experience in melanoma to date has been gained with IFN 
&fa-2. achieving objective responses in -20% of patients, up to a third of which 
are complete and durable. This clinical evidence of antitumor activity in 
metastatic melanoma has led to the initiation of 2 large multicenter studies of IFN 
alfa-2 in 1984. These trials utilized maximally tolerable dosages of IFN alfa-2 
administered for 3 months (Nod Central Cancer Treatment Gmup) and 1 year 
(Eastern Cooperative Oncology' Group, ECOG). Both vials completed accrual in 
the past year with 273 and 285 subjects. respectively. Interim analyses of the 
laner study were sufficiently encouraging that a follow-up vial has been initiated, 
funher testing the efficacy of highdose IFN alfa-2 for 1 year and examining the 
potential rule of lower immunomodulatnry dosages of EN alfa-2 for >2 years. 
as compared to a conwl arm of observation Recent studies in the WHO 
Melanoma Program are also testing the role of low doses of IFN alfa-2 for 2 
years compared to conmL These uials, which are being performed in conjunction 

with laboratory studies of the in v i m  anti-proliferative, antigen-modulating, and 
immunomodulating function of IFN alfa-2. may pmvide answers to the question 
of the mechanism(s) of IFN alfa-2 action against melanoma, as well as its clinical 
role as an adjuvant therapy for melanoma. 

m y  has also been examined considerably as an immuwmodulator for the 
therapy of melanoma. However. its clinical activity as an antitumor agent appears 
to be somewhat less than IFN alfa-2 in metastatic disease. One adjuvant vial with 

has been concluded in the Southwest Oncology Group with negative results. 
Extensive dose-response studies in our group and in the ECOG at large indicate 
that the immunomodularory functions of IFNy appear to differ at high and low 
dosage, affecting NK and monocyte functions at high dosage and T cell 
distribution and functions at low dosage. 

A preclinical basis for combined usage of IFNs with antibodies. cytotoxic drugs, 
and IL-2 lies in their in v i m  synergy. Eady clinical vials of IFN alfa-2 with 
monoclonal antibodies, cytotoxic chemotherapy, and IL-2 have all yielded 
encouraging preliminary data We have m t l y  completed a phase I vial of IFNy 
combined in sequence with IFN alfa-2. in which improved antitumor effects were 
associated with immunological effects upon the T cell cwparhnent and duction 
of the CD8+ cirarlating T cell subset. This vial. and similar evidence of altered 
numbers and/or functions of the T cell. suggests thaf thc IFNs. like the 
interleukins, may achieve their effeas upon melanoma and other tumors mFough 
specific host immune response mechanisms. 
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K 031 USE O F T  CELL GROWTH FACTORS IN T H E  TRATMENT OF MELANOMA. Mtrhacl T hue.  Nelly E VdIac-. J a h u a  T Rubm. M D , H-d D F h n g o n .  Walter J Storkus. Uamc M Elder. 
Herben J a h  Barbara A Pbppm, The- L Whnuidc, &Wan Wcrdman, and Ronald B Herberman Unrversnry of Pittsburgh, Pmsburgh. PA 

Mdanoma rrp-nts the sxngle bcrt crample of B human tumor for which qxzific T i d l  mct~ty urn be 
Idcnlrficd. P ~ r h a p  one of lhs m-1 mmpelling pi- Of Mdcncc demonstrating then spsrifir mlc 81 the 
rrsponsrvcncrr of patients w t h  metaSfilic melanoma 10 tMtmen1 n l h  the pmwpmic T-eell v h  factor, 
Inlcdcuhn-2 (IL2) AppmdmalelyZS%of pticnllwllmanifsrl a panialormmplete 'sspow 10 high-d- 
IL2 thcnpy, limited by lhe dcvclopmcnl of B capillary leak ryndmmc. Hsrologr  cxaminslion of mrponding 
cumors dcmomtratsr pmfound ~nfiltratmn by approamalcly q u a i  numben of CD4 and CD8 paritive T-rrllr 
10 a d c g e e  far p t c r  than o b s c m d  pnor lo therapy The p-se mle of T e l l s  tn thc e ~ l ~ f t ~ n  of the 
neoplasm fmm ths car11611 precursor n m  rrmains 10 be defined Although mmbinarion lmalmcnt of IL2 
wlh alpha-inlcrfemn ham been m a t e d  ai ih  apparent cnhanmd ~ p o n v  rate, lhri is w i h  a subSlanlidl 
I~-Y 6n -sated cadlac and nc~mtoucilisr. Although no clear-e~t rrlarmnrhip kwccn rerponnvencs 
10 1L-2 b r v d  therapy and mhsnrcd cxp-ion of tndrvldual HIA Oars I and Class I1 alblcs has bccn 
dcmonstraIcd. # h e n  appears 10 be a modest roc- in the f q u c n r y  Of HLA-DQ1 (%%of 31 msponders 
tested % 54% of thc gncral population). and of HLA-Al9 (37% of 35 responders vs 27% of fhc gcncral 
p o p d a m n )  Major effonr are cvmnl ly  u n d c m y  10 mc- Lhc mrponv r a w  to I L Z  by the addition of 
addmonal cytokincr or the adoptive lranrfci of tumor inhllrating lymphocycr. To dale. 00 speeifir rhcrapy 
has k c n  Shwm 10 be substm~~vely belter IL-4 admmslradlson. tn our lnak mnductcd m Ihc Surgery Branch 
of fhc Nalronal Cancer Inrl~rulc. was no1 a-mlcd wlh anti-tumor mrponscr Combinalionr tna l~  wrh 
Inicilcutm-? indicated that although substantive nnti-tumorcffcctrmuld bcdscrvcd.  that noapparenc major 
~ n c r e i l ~  in mrponrlvsnrrs of mCIanorna or olhu tumors was obwwcd Since enhanrrd expasion of tumor 
infillranng lymphaytes IS mcdiatcd by -h m combinations of low- d m c  lL2 and lL-4. w have p m p d  
a study cmlurtrng Ihs lnffichng of such expanded Iymphcqcs follmng adoptive tranrfcrin -idlion wnlh 
Intcrlcuhn-2 and Intcrlcuhnd. Wc have been able lo establish scvcral TIL cuIIurecs fmm f-h tumor 
ramplcs. lo mamlam them 8n long-Irnn cuI1ure. and 10 gcnc mark lhcm using thc LNL6 r c ~ m r a l  vcccorwth 
rvmerrful inmrporalion of the ncomyrm phmphotranrfcnv gcne. Such TICS appear lo demonsirate no 
noiabls a l f ~ r a l r ~ s  in p h m o t p  or cytolyta aerlnty when mmpamd I0 their "on-tnnsduccd munlerpan 
These siudics have k e n  approved by lhe Rcmmbinant DNA Adnsory Comrnillce. and xi11 be !niltalcd -n 
at IhC Universiiyof Rrisourgh Medical G n t c r  Selecnon m q u r ~ e  s l ~ m ~ r e a w  m lhc m n ~ e n l r a t i ~ n  ofthe 

n e o m g n  analogrc, G418. Although = *re m lhs p- of #dcnufyng the mdrvidval Valphi  and V k t a  
c h a m  used on oltgoclonsl populattanr of expand4 T e l l s .  8s -11 as lhe frcsh tumoc fmm whtCh chcy am 
denvcd. 8s of PI. no mnnncing &den= of i n n u r e d  exp-con of any of thc indivldusl sramincd variable 
rrgonr have k e n  noted The= am a ~ l i e l y  of Other n-I cell v h  famors which am m avadablc for 
cv.dlualion m prr-eltnical and clinical Irish. IL-7 mdu- human lymphokinsset l~led killer cell arlnily fmm 
human penphcral b l o m  mOnOnuCIcar CCL. and whmcn administcrrd 10 mice. tnc- pnmanly pmlifcrarion 
of B-xlls, but as -11 an expansion of T i e l l s  #n the aplccn and lymph nodes. Pmslinical $ladies IR mmnc 
models haw failed lo demonstrate s i g i f m n l  anfi-lomoi effects of IL7  illme. although attempts to cxpand 
TICS,  both tn man and munnc mcddcls, am u n d e m y .  IL.10 lyas an&~nally defined ss a faclor mhibiting 
Inrcrlcukin-2 and gamma-lnlcrfemn p d u n i o n  by T-helper 1 rrlls (iytoium synthulr inhibitory fsctor) A 
fmnca1Cd version of IL10 found wihm the EBV gnome. BCRF1, has lhis actrvlry. but vnlikc munnc L10. 
has noTCGF aclwxy Although IL10 has been demonstrafed 10 markedly ryncrgzc 4 t h  1LZ. lL-4, and 1L7 
m lhc g i w t h  of thymic and penphsral T i e l k  m the m o e .  no such aelinry has yc1 bcen dCmONtratCd ~n 
human cclli Infcileuhn-12 is  t hsicrodimenc proton which cnhanrrs pmlrfsratkan of Tielk and large 
granular lymphocyrsi, syncrgzmgwth 1L2 in inducing cytolytic actmty. It  markedlycnhanccs the p d u e t i o n  
of gamma-lnlcrfcron, and appcars 10 sewe as a Bcslldsrived factor capable of panially supponing T-dl 
p w h  Studies of lL12 m expanding T e l l s  from human mclanoma am underway 

Endcnre rvpponing a vniquc or 11mitcd number of melanoma antigens shared by tumors dcnved 
from a number of indivldualr IS suggested by ewdenec fmm many labontones of lpir by T e l l s  clones in 

I ~ C S  of tumors bcanng a mmmon mrtncting MHC antigen. In our SIudiSs melanomas appear capable of 
p-mg and presenting r n n v c m  snligcn and/or peplidc to flu-specific T e l l s  Slnrcgtcs to idenlrfy Ihc 
putalive melanoma anugcn(s) s i n g  lranrfeclion w l h  mytam HLA-A2 genes, as well as peptide rtnpping 
crpcnmenrr. are undeway. The fvlvm dcvclopmsnr of qtohnc base therapies a i l 1  bc dictated by nor only 
lhc amilabiliiy of spccifie antigens identified in melanoma. but also the ability to direct T i s l l r  LO s m s  of 
tumor using immvnilali~n w f h  eirhcr peptides or tumor tnnsfected wlh Ihs cytohnc genes inclvdtng 1L2 
or other T-ccll g i w t h  factors. 
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Melanobiology 
K l O O  

Department of Medical Laboratory Sciences, Florida Interna- 
tional University, Miami, FL 33199. 
Normal human epidermal melanocytes (NHEM) cultured in the 
presence of phorbol myristate acetate (PMA) express the 
melanoma associated antigen melanotransferrin (p97) in con- 
junction with rapid proliferation and bipolar dendritic 
morphogenesis. Melanoma cells, by contrast, constitutively 
express p97 in high density without requirement for PMA 
stimulation and rarely exhibit dendritic morphology. In the 
present study, the relationship between p97 expression and 
proliferation of melanocytes and melanoma cells was fur- 
ther examined to test the hypothesis that melanotransferrin 
plays an active role in both melanocyte differentiation and 
transformation. NHEM (Clonetics, Inc., San Diego, CA) were 
cultured in melanocyte basal medium (?lBM, Clonetics) sup- 
plemented with basic fibroblast growth factor, bovine pit- 
uitary extract, bovine insulin, hydrocortisong and varying 
amounts of PMA. NHEM growth (cell counts and H-thymidine 
incorporation and dendrite extension (phase contrast photo- 
microscopy) were observed to correlate with p97 expression 
(immunoperoxidase assay). The human melanoma cell line SK- 
MEL-28 (ATCC, Rockville, MD) which expresses a high density 
of p97 was studied in parallel. NHEM cultured in the ab- 
sence of PMA or in supraoptimal PMA showed little prolif- 
erative capacity, dendrite extension or p97 expression, but 
could be induced to express these properties in the pre- 
sence of spent medium from SK-MEL-28 cultures. Similar re- 
sults were obtained by the addition of monoclonal anti-p97 
( X E  9-61, Wistar). These effects were not synergistic but 
could be enhanced by addition of supoptimal FMA. These ob- 
servations are compatible with the hypothesis that p97 may 
normally function as a receptor for a transiently produced 
growth factor. Unregulated production of the factor during 
melanocyte transformation, in conjunction with p97 upregu- 
lation may achieve an autocrine feedback loop contributing 
to malignant transformation. 

This work was partially supported by a Summer Research 
Fellowship from Florida International University, Miami,FL 

MELANOTRANSFERRIN AND HUMAN MELANOCYTE DIFFERENTIA- 
TION, PROLIFERATION AND TRANSFORMATION. Jerry Bash, 

K102 C X U W X P 3 m C N  OF RE3UGEj XI A 
mIAT1m m s x s r m  lTcmR By MELAN3m 

CELLS. Helene 2.  Hill. George J. Hill, Muhsrmed Ali and Uwe 
Schlehaider, Depmnts of Radiology and Surgery, New Jersey 
Medical Schml, Newark, NJ 07103-2714 
Melananas are generally considered to be very resistant to low 
LFP radiation. C k r  studies of clonally related cell lines of 
Clouctnan S91 muse mela- have dgnonstrated that in tissue 
culture these cells elaborate a diffusible factor which 
decreases the rdiation sensitivity of a rdiation sensitive 
target cell line (S9l/mel). The cell line that is most 
proficient at elabrating the factor, S91/13, is also the mst 
rdioresistant (H.Z. Hill, 2. Trizna, M. Ali and G.J. Hill, 
Raaiatkn &search. in press). We have now further 
characterized cellular responses to the factor. The target 
cells rmin responsive to the factor for as long as 4 days 
after irradiation. In split dose studies, if no factor is 
present, there is a slight but gradual increase in survival 
with increase in time between the doses. If the factor is 
present. there appears to be a rapid increase in recovery that 
is m x k l  at between 2 and 4 hours. This rapid increase 
occurs even if the resistance factor is added to the medim 
one day after the cells have been irradiated. These studies 
reveal that there are 2 aspects to split dose recovery. The 
first - which occurs within a smrt period of time after 
irradiation - pmbably involves repair of genanic b g e .  The 
secord - controlled by the resistance factor - involves sue 
additional. yet to be defined, aspect of cellular recovery. 
Potentially lethal dimage in these cell lines was studied by 
expsing cells to radiation in high salt buffer for 20 
mmutes. The radiation resistance factor did not influence 
the extent of recovery, indicating that it does not operate at 
the level of the sort of genanic repair revealed by this type 
of study. The target S9l/mel cells are also mre resistant 
to W C  irrcdiation when plated in the presence of the factor 
after irradiation. kr studies suggest that there are 
cellular factors that operate in recovery fran radiation 
m g e  beyond the repair of DNA and that such a factor or 
factors may be imprtant in the refractory responses of 
melanure cells to various therapies. 

K 101 HUMAN MELANOMA EXPRESS AND SECRETE A 
DEVELOPMENTALLY REGULATED NEUROTROPHIC 
GROWTH FACTOR, Nicola Hartman n. WJ. Fang, 

M. Herlyn', U. Rodeck', M. Bano, J. Sasse'and A. Wellstein, 
Wistar lnstiiute, Philadelphia, PA; 'Shriner's Hospital, Tampa, FL 
and Lombardi Cancer Center, Georgetown Univ.. Washington DC. 

Growth factors with paracrine activity play an important role during 
tumor growth. We studied human metastatic melanoma cell lines 
and detected activity by soft agar colony formation of an epithelial 
(SW-13) and a fibroblast cell line and by monolayer growth of 
endothelial cells. An activity profile similar to one derived from 
human breast cancer cells (MDA-MB 231) was identified as heparin- 
bindinggrowth-associatedmolecule/pleiotrophin(HB-GAM/PTN)(l), 
a developmentally regulated neurotrophic growth factor(2.3). Partial 
purification of the activity from melanoma cells (WM239A) was 
achieved by heparin affinity chromatography. Western blotting of the 
supernatant from these cells with a rabbit antiserum raised against 
the N-terminal sequence of HB-GAM/PTN showed an 18 and a 14 
kDa species. This finding is in agreement with C-terminal cleavage 
of HB-GAM/PTN, isolated from bovine brain (4). Experiments with 
cell extracts showed corresponding bioactivity in the endothelial cell 
growth assay and immunoreactivity in an ELSA after heparin-affinity 
chromatography. PCR amplification confirmed the expression of 
mRNA for HB-GAM/PTN in the WM239A cell line. Furthermore, a 1.4 
kb mRNA species was easily detected in a Northern blot indicating 
a high level of gene transcription. Preliminary data show that another 
human metastatic melanoma cell line (WM852) also produces this 
growth factor and melanocytes do not. We speculate that this novel 
growth factor is transformation-associated and may function as a 
tumor angiogenesis factor due to its endothelial cell stimulating 
properties. 
(1) Wellstain et al.. JEC. in press; (2) Merenrnies and Rauvala. JEC. 1993. 
26536721: (3) Li el al.. Science, 1990, 250:1690; (4) BcaMen at al., Growth 
Factors, 1991. 4~97. Supported by the Deutsche Forschungsgernelnschafi 

~ 1 0 3  THE IDENTIFICATION AND CHARACTERIZATION OF 
PROGRESSION ASSOCIATED MOLECULES IN HUMAN 

MELANOMA. Judith P .  Johnson, Ute Rothbacher, 
Simone Stratil, and Gert Riethmiiller, Institute 
for Immunology, University of Munich, Goethe- 
strasse 31, 8000 Munich 2 ,  Germany. 
The development of malignant melanoma from epi- 
dermal melanocytes and its progression to meta- 
static disease is thought to occur in a step-wise 
process which is reflected in the existence of a 
series of morphologically and clinically distinct 
melanocytic lesions. In order to identify the 
changes in gene expression characterizing this 
process, we have produced monoclonal antibodies 
(MAbs) which demonstrate differential reactivity 
with these various lesions. Using this approach, 
several molecules which are expressed by metasta- 
tic lesions but which are only rarely detectable 
on benign melanocytes have been identified. Some 
of these molecules, such as the cytoplasmic p76 
(MUC54) and the surface glycoprotein CLIP.M, are 
early progression markers and first become detec- 
table on histologically abnormal nevi. They are 
strongly expressed on all stages of malignant 
tumors and may define molecules which contribute 
to transformation of melanocytes. Others, such as 
the molecules identified by MAbs 6G6, 3All. 1H11, 
MUCl8 and P3.58, are detectable only on advanced 
primary tumors and metastases. These so called 
late progression markers may represent molecules 
which contribute to the development of metastatic 
potential in the tumor. Interesting, cDHA cloning 
of 2 of these markers (MUC18, P3.58) revealed 
them both to be cell adhesion molecules. P3.58 
was found to be identical to the leukocyte 
adhesion molecule ICAM-1. MUCl8 expression in 
normal tissue is limited to some smooth muscle 
cells. The molecule is unique and has the 
greatest seqeunce similarity to DCC (deleted in 
colon carcinoma), carcinoembryonic antigen, and 
NCAM, all of which have been shown to mediate 
intercellular adhesion. 
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K 104 HISTOPATHOLOGICAL STUDY OF WEAL 
MELANOMAS AND ITS METASTASES 

G.P.M. myten*, 3 .  Post**, C.M. Mooij***, 
T.M. Vroom***+, P.T.V.M. de Jong** 

* Eye Hospital Rotterdam,** Institute of 
Ophthalmology, Erasmus University Rotterdam, 
*+* Institute of Clinical Pathology, Erasmus 
University Rotterdam,**** Institute of Clini- 
cal Pathology,Daniel den Hood Clinic, Rotter- 
dam, The Netherlands 

Malignant tumors are known to be composed of 
heterogenous cell populations. During tumor 
progression more invasive and aggresive sub- 
populations arise with metastatic potential. 
Celltype is one of the major prognostic 
factors in uvea melanoma. Occurrence of epi- 
theloid cells in the primary tumor is asso- 
ciated with a higher tumor-related mortality. 
However metastatic disease can occur in 
patients with a pure spindle cell melanoma. 
Therefore we have retrospectively studied a 
group of patients with uvea melanoma who were 
treated with enucleation and who died of 
metastatic disease. In this group we compared 
the histopathological celltype of the primary 
tumor and its metastases. 

K 106 pp60C-SrC IN HUMAN MELANOCYTES AND 
MELANOMA CELLS EXHIBITS ELEVATED 

SPECIFIC ACTIVITY AND MODIFIED PHOSPHORYLATION 
COMPARED TO HUMAN FIBROBLAST pp60C-SrC, Tracy 3 .  
0' Connor', Eleanor Neufeld', John Bechberger', 
and Donald J. Fujita'.', Cell Regulation Group, 
Department of Medical Biochemistry, University 
of Calgary, Calgary, Alberta, Canada T2N 4N1', 
Department of Biochemistry, University of 
Western Ontario, London, Ontario, Canada N6A 

Experiments in our laboratory suggested that 
there was an elevated level of pp60c-src 
tyrosine kinase activity in certain human 
melanoma cell lines compared to human foreskin 
fibroblasts. In order to determine whether 
this was a tumor-specific or a tissue- 
specific phenomenon, we looked at pp60c-s'c 
activity in normal human epidermal 
melanocytes. It was found that they contained 
pp60"-"c with a seven-fold elevation in 
specific activity compared to human foreskin 
fibroblasts. pp60c-S'c from melanocytes was the 
same size as the fibroblast form; therefore 
it was not neuronal pp60c-s'c+. Melanocyte 
pp60C-SrC had a reduced level of carboxy- 
terminal tyrosine phosphorylation, which might 
contribute to its elevated specific activity. 
These results suggest that activation of pp60'- 

may be involved in normal melanocyte 
growth, differentiation, or function. 

5B72 
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K 105 STEEL FACTOR IS REQUIRED FOR MAINTAINENCE, 
BUT NOT DIFFERENTIATION, OF MELANOCYTE 

PRECURSORS IN THE MOUSE NEURAL CREST, Mark Murphy, 
Kate Reid, 'Douglas E. Williams, 'Stewart D. Lyman and 
Perry F. Bartlett, Walter and Eliza Institute of Medical 
Research, Royal Melbourne Hospital, Parkville, 3050, 
Australia and 'Immunex Research and Development 
Corporation, Seattle, Washington 98101. 
Skin melanocytes are derived from neural crest cells 
that migrate into the dermis during embryogenesis. Two 
mouse mutants, Steel and White dominanf-spotting, 
which have defects somewhere in the pathway o f  
melanocyte production, have recently been shown to 
have deletions in the genes that code for a new growth 
factor, Steel  factor (SLF), and i ts  receptor,  
respectively. Here, we have investigated the role that 
SLF plays in melanogenesis using cultures of mouse 
neural crest and found that its primary action is the 
maintainence and/or proliferation of melanocyte 
precursors. It has no effect on the final stage of  
melanocyte differentiatien, the production of melanin, 
which appears to require a further factor whose action 
is mimicked by the phorbol ester, TPA. 

K 107 NEURAL CREST DIFFERENTIATION OF HUMAN 
PROSTATE CARCINOMA CELL LINES: EVIDENCE THAT 

PROSTATE CARCINOMA (3ELLs ARE CAPABLE OF EPlTHF.LIAL 
AND NEURAL CREST DIFFERENTIATION, Jane B. Trepel, 
Fananeh Pimia, Oliver S m r .  Luke Whitesell, Won-% Kang, Michelle 
Sheahan, Charles E. Myers and Yung-Jue Bang, Clinical Pharmacology 
Branch, National Cancer Institute, National Institutes of Health, 
Bethesda, MD 20892 
W i l e  studying the signal transductions that regulate the growth of 
human psrare carcinoma cells, we found that elevation of innacellular 
cyclic AMP (CAMP) through addition of CAMP analogs or 
phosphodiesterase inhibitors caused p w t h  arrest in the four cell lines 
studied, and in two cell lines caused a striking shift from an epithelial to 
a neuronal morphology. Phenotypic examination of the four prostate 
adenocarcinoma cell lines showed that prior to elevation of CAMP each 
cell line expressed at least two markers associated with neural crest 
differentiation. including neuron specific enolase, as detected by 
cytochemical and Western blot analysis; S100. determined by 
cytochemical analysis; and low and intermediate molecular weight 
neurofilament proteins, detected by Western blot analysis. Markers of 
neural crest differentiation were stable or innrased following treatment 
with cAMP-elevating agents, while the epithelial marker HE% 125. and 
stage specific embryonic antigen 4 expression werc down-regulated 
Transmission electron microscopy demonsuated that in the androgen- 
sensitive prostate carcinoma cell line LNCaP. CAMP-induced neuronal 
morphology was accompanied by the appearance of dense-core 
granules. High levels of expression of the. nonreceptor protein-ryrosine 
b a s e  P P ~ O C - ~ ' ~  have been associated with neural crest differentiation. 
All four cell lines expressed readily detectable pp6CFPc as determined by 
Western blot and/or immune complex kinase assay. Addition of 
dibutyyl CAMP or the phosphodiesteme inhibitor IBMX caused an 
increase in src activity. This increase appeared to be associated with 
neural crest diffmntiation rather than growth inhibition, because 
addition of TGF-PI, which was highly growth inhibitory but did not 
induce neuronal morphology, caused a decrease in src activity as 
assessed by immune complex kinase assay. The data suggest an 
unsuspected plasticity in the lineage commitment of adenocarcinoma of 
the prostate. 
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K 108 BENZOQUINONE ANSAMYCINS DISPiAY POTENT 
CYTOTOXICITY FOR HUMAN MELANOMA CELL LINES: 

CORRELATION WITH MELANOCYTIC DIFFERENTIATION, Luke 
Whitesell, Stuart Shifrin, Charles E. Myers, Len Neckers, 
Clinical Pharmacology Branch, National Cancer Institute, 
Bethesda, MD 20892 
Disseminated tumors of neural crest derivation are 
among the most refractory to cure by traditional 
chemotherapeutic regimens. Consequently, we have 
sought new treatment strategies based on the 
developmental biology of these unique neoplasms. 
The benzoquinone ansamycins herbimycin A (HA) 
and geldanamycin (GA) are known to revert the 
morphology of pp6Ov-src transformed fibroblasts. 
Because high levels of src protein expression and 
kinase activity are associated with neural 
differentiation, we have evaluated the effects of 
these drugs on the growth and differentiation of 
various primitive, neurally-derived tumor cell 
lines. 
degrees of unexpected cytocidal sensitivity to 
these agents. Sub-micromolar concentrations 
result in >95% cell loss. The pattern of sensitivity 
appears to correlate with degree of differentiation 
as defined by morphology and surface markers. GA 
and HA are clearly useful probes to study potential 
tyrosine kinase interactions critical to the biology 
of these problematic tumors. Due to their potency, 
selectivity and novel mechanism of action, HA and 
GA may also prove clinically useful therapeutic 
reagents 

Human melanoma cell lines display varying 

T Cell Recognition of Melanoma and Tuniors of the Neural Crest 
K 2 0 0 N E W  MELANOMA PROTEIN 1AA335B WITH CD4 

SIMILARITY, Marie E. Beckner, Mary L. 
Stracke, Susan M. Mackem, Henry C. Krutzsch, 
and Lance A. Liotta, Laboratory of Pathology, 
National Cancer Institute, NIH, Bethesda, MD 
20892 
A monoclonal antibody generated using intact 
A2058 human melanoma cells as antigen was used 
to screen an A2058 expression library. It 
identified a fusion protein translated from 
A2058 melanoma cDNA representing a new gene, 
1AA335B. The 1AA335B CDNA has 1766 bp with a 
1245 bp open reading frame predicting a 
protein with a MW of at least 44 kilodaltons. 
It has a predicted 17 amino acid transmembrane 
region (TMR). An immunoglobulin like domain 
is present on the amino terminal side of the 
TMR. On the carboxy terminal side of the 
TMR there are two possible protein kinase C 
phosphorylation sites. Presently, the 
closest match in GenBank is with C D 4 .  
Human CD4 and 1AA335B are 51% identical in 
nucleic acid sequence and 24% identical 
(45% similar) in amino acid sequence. 

K 201 A CYTOTOXC T LYMPHOCYTE (a) CELL LINE 
THAT IS RESTRICTED BY CLASS I1 HLA-DRU AND 

RECOGNIZES A MELANOMA ANTIGEN SHARED BY 
AUTOLOGOUS AND ALLOGENEIC MELANOMA Paul B. 
Chapman, Tohru Takahashi, Setaluri Vijayasaradhi, so0 Young 
Yang and Alan N. Houghtnn. Immunoiogy Program, Memorial- 
Sloan Kertering Cancer Center, New York, NY 10021 and 
TSappor.. Medical College, Sapporo, Japan. 

A CTL line was established from peripheral blood mono- 
nuclear cells of a melanoma patient. Cells were cultured with 
irradiated autologous melanoma cells and EBV-transformed 
autologous B cells, in the presence of r-2 (20 U/ml). The (=Iz 
line was cytotoxic against autologous melanoma but not against 
autologous B cells or the hX target K.562. Anti-CD3 monoclonal 
antibodies (MAb) inhibited cytotoxicity presumably because 
cytotoxicity was mediated through the T cell receptor. The 
phenotype of this CIZ line, determined by flow cytometry, was 
CD3+, CD4+, CD25+, CD29'; CD8, 016, 0 5 6  were not 
expressed Cytotoxicity against autologous melanoma was inhiiited 
by MAb against HLA-DR but not by h4Ab against HLA-DP, HLA- 
DQ, or HLA class I. This suggested that cytotoxicity was class 11 
HLA-DR-restricted. The specific HLA-DR alleles of the 
autologous cells were identified using both serological methods and 
polymerase chain reaction-amplified HLA-DR polymorphism 
analysis. The HLA-DR allelotyix of autologous melanoma was 
found to be HLADR11, 15. The CTL line was tested for 
cytotoxicity against a panel of 10 allogeneic melanoma cell lines 
and 3 non-melanoma cell lines. Cytotoscity by the (312 line was 
observed against both of the I-aA-DRl5+ allogeneic melanoma 
liner melanoma and non-melanoma lines that were DRl5-negatke 
were not kiIled, including a DR11+ melanoma cell line. These data 
demonstrate that the antigen recognized by the HL4-DR15- 
restricted Cl'L tine is shared by allogencic melanoma cell l i e t  
Experiments are currently undenvay to determine whether this 

line can kill HLA-DR15+ melanacytes. 
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K202 MHC RESTRICTION OF T CELL RECOGNITION OF MELANOMA 
ANTIGENS, Qiyuan Chen and Peter  Kersey. 

Immunology and Oncology Unit ,  Royal Newcastle Hospital ,  
Newcastle. 2300 Australia.  
Previous s tudies  have drawn a t t en t ion  t o  the frequent use 
of KLA-A2 as  a r e s t r i c t ion  element fo r  recognition of 
melanoma antigens by cytotoxic T lymphocytes (CTL). 
Studies were carr ied out on lymphocytes from 2 pa t i en t s  
vhose PMC c l a s s  1 phenotypes were A1.3 and A1,2. Studies 
of t h e i r  cytotoxic a c t i v i t y  against  a panel of KLA typed 
melanoma and non-melanoma c e l l s  revealed t h a t  CD8+ CTL 
a c t i v i t y  was e i the r  r e s t r i c t ed  by A 1  o r  A3 i n  the  f i r s t  
pat ient  and A 1  r e s t r i c t ed  i n  the second pa t i en t .  There 
was no evidence fo r  A2 r e s t r i c t ion .  Target c e l l s  from 5 
of 7 allogeneic Al+ melanoma l ines  were k i l l e d  by a 
cloned CTL from the second pat ient  and Cold t a rge t  
i nh ib i t i on  s tudies  suggested t h i s  was on the basis  of a 
common antigen. Production of TNF-a from the clones 
paral le led t h e i r  cytotoxic spec i f i c i ty .  The biochemical 
nature of the ant igen(s)  recognized by the T c e l l s  remain 
under study. Cloned T c e l l s  i so l a t ed  from lymph nodes 
were a l l  CD4+ T c e l l s  and had cytotoxic andlor helper 
a c t i v i t y  a s  defined by IL-2 production i n  response t o  
melanoma c e l l s .  Their cytotoxic and helper a c t i v i t y  
appeared t o  be HHC c lass  I1 DR2 r e s t r i c t ed .  Some CD4+ T 
c e l l s  recognized allogeneic but not autologous melanoma 
c e l l s ,  which was taken as  evidence for  immunoselection i n  
vivo . 
These r e su l t s  indicate  tha t  antigens t h a t  a r e  commonly 
expressed on melanoma c e l l s  may be recognized i n  t he  
context of HLA-A1 o r  A3. Further biochemical 
character izat ion i s  needed t o  determine i f  these 
ant igen(s)  a r e  the same as  those presented i n  associat ion 
with HLA-A2. It i s  a l so  c l ea r  from these s tudies  t h a t  PMC 
c l a s s  I1 antigens may be r e s t r i c t i n g  elements f o r  
natural ly  occurring ( i . e .  not generated by s t imulat ion i n  
v i t r o )  CD4+ T c e l l s  with spec i f i c i ty  fo r  melanoma. 
Whether the antigen i s  s imilar  or d i f f e ren t  t o  those 
recognized by CDB+ CTL remains unknown. 

K204 AN IMMUNOGENIC PEPTIDE DERIVED BY 
SUBTRACTIVE CDNA CLONING RECOGNIZED 

BY HUMAN MELANOMA SPECIFIC T CELLS, S. Levy, W. 
Harel, M. Mitchell, J. Kan-Mitchell, R. Deans, University of 
Southern California, Los Angeles, CA 90033 

Using subtractive cDNA hybridization between 
human melanoma and squamous cell carcinoma, we have 
identified a panel of novel human genes enriched for 
expression in the melanoma tumor. We are currently 
testing products of these genes for their ability to be 
recognized by T-lymphocytes in cytotoxicity and 
proliferation assays. In addition, we are investigating 
the expression patterns and the products of these novel 
genes to elucidate their role in melanocyte 
differentiation and tumor progression. Based on partial 
gene sequence information of one of these cDNA clones, 
clone 50, we chemically synthesized a 17 amino acid 
peptide. This synthetic peptide induced proliferation of 
CD4+ melanoma specific tumor infiltrating lymphocytes 
(TILs) from melanoma patients, only when autologous 
EBV transformed lymphoblastoid cells are present as 
antigen presenting cells. A similarly synthesized 
peptide corresponding to a housekeeping gene saposin C, 
failed to induce a proliferation response in this bulk T 
cell population. Southern blot analysis indicates that 
clone 50 is a single copy human gene that hybridizes to a 
6 kilobase transcript on northern blots of melanoma cell 
lines. In summary, we have identified an epitope of a 
melanoma associated antigen which is biologically 
active. The peptide will serve as an important reagent to 
stimulate proliferation of specific T cell clones and to 
identify the corresponding cellular target. This approach 
represents a method for the identification of targets for 
immunotherapy of melanoma. 

K 203 FAILED IMMUNOLOGIC MEMORY AND THE RISK OF 

INTRAOCULAR 1 U M O R S .  Bruce R .  Ksander, Y.  Bando, and J.W. 
Streilein. Depr of Microbiology and Immunology. Univ of Miami Sch of 
Med. Miami, Florida 33101 

The pathobiology of metastases from ocular and cutaneous 
melanomas is distinctly different. From cutaneous tumors, metasuses arise 
early after diagnosis and occur a t  many different sites, whereas from 
intraocular tumors, mefastases usually develop long after the primary 
tumor has been excised, and locate primarily in the liver. On the 
presumption that immunity plays a role in  determining these different 
patterns of tumor growth, i t  has been proposed that skin melanomas are 
only able to elicit a grossly deficient immune response which is unable to 
control tumor growth either at the primary site or distant metastases, 
whereas intraocular melanomas evoke a more effective form of put ia l  
immunity (concomitant) which. although unable to contain the primary 
tumor, is able to suppress nietastatic spread. The eventual emergence of 
metastases following enucleation of the tumor containing eye implies that 
concomitant immunity does not have an  immune memory component. 

To test this possibility, we used an animal model in which minor 
histoincompatible P815 cells form progressively growing tumors within 
the immunologically privileged anterior chamber (AC) of BALB/c niousc 

which prevents metastases. Conuol 
ivally (SCon), a non-privileged site 
cted. Tumor-containing eyes were 

enucleated 7 days after injection. and during the subsequent X month 
interval tumor-specific precursor cytotoxic T cells (pTc). IL-2, and IL-4 
secreting T helper (Th) cells were analyzed quantitatively by limit dilution 
analysis. The remits revealed that primed, P81S-specific pTc were present 
in both AC and SCon tumor recipieiits within 10- 14 days. and remained at 
comparably high frequency for the entire 8 mos Mice with SCon tumors 
generated memory Th that secreted 1L-2 and IL-4, which were also present 
throughout 8 months. By contrast, mice with AC tumors generated Th that 
secreted IL-2 only, and 6 months after excision of the primary tumor even 
these cells had disappeared from secondary lymphoid organs We 
conclude that immunogenic tumors in the AC (unlike their SCon tumor 
counterparts) (a) fail to induce long-term memory Th cells, (b) thai this 
failure allows concomitant immunity to subside once the primary tumor 
has been excised, and (c )  the lack of memory renders these mice 
vulnerable to development of metastases thereafter. 

METASTASES FOLLOWING EXTIRPATION OF IMMUNOGENIC 

K 205 CHARACTERIZATION OF HNK-1 ANTIGENS IN 
B O W S  MELANOMA CELLLINE The0.M. Luider'), 

Sylvia Soffers'), Marjo J. Peters-van der Sanden'), Carel J.H.C. 
Meijers'), Dick Tibboel'), Jan C. Molenaar'), and Arthur W.M. van 
der Kamp*), ')Department of Paediatric Surgery, Erasmus University, 
Sophia Children's Hospital, Rotterdam, the Netherlands and ')MGC- 
department of Cell Biology and Genetics, Erasmus University, 
Rotterdam, the Netherlands 
The neural crest is a transient ridge of cells dorso-lateral to the 
neural tube. Cells of the neural crest give rise to the development of 
a variety of organs, tissues, and cell types throughout the body. 
Before chicken neural crest cells colonize the developing gut two 
HNK-1 antigens, G-42 and G-44, are expressed which are involved in 
the development of the enteric nexvous system. The U/ HNK-1 
family is known to be involved in cel adhesion phenomena of chicken 
neural crest cells. In order to search for a source for isolation of G-42 
and G-44, an HNK-1 positive tumor cell line (Bowes melanoma) 
which originate from the neural crest was screened for G-42 and G- 
44. We isolated the plasma membrane HNK-1 antigens present in this 
tumor line and analyzed the HNK-1 antigens on 2-D immunoblots. 
In Bowes melanoma we found a series of HNK-1 antigens on two 
dimensional gels. Tbe major proteins had a molecular weight of 110 
kDa and 80 kDa, respectively. In addition we found a menihrane- 
bound HNK-1 antigen in relative large quantities in the 42-44 kDa 
range, which resembles the two membrane bound HNK-I antigens in 
the developing chicken gut (G-42 and G-44) in four criteria: plasma 
membrane-bound protein, apparent molecular weight, isoelectric 
point (PI 5.5). presence of the HNK-1 epitope. We investigate the 
possibility that Bowes melanoma cell is an accessible source for the 
isolation of an HNK-1 antigen which is involved in the migration and 
binding of neural crest cells in the developing gut. 

This work is supported by the Netherlands Digestive Diseases 
Foundation 
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K206 TUMOR-INFILTRATING LYMPHOCYTES (TIL) 
FROM A MELANOMA PATIENT: SELECTIVE 

EXPANSION OF MHC-RESTRICTED CTL CLONES WITH 
IDENTICAL T CELL RECEPTORS FROM DIFFERENT MLTC 
CULTURES, Marialuisa Sensi, Chiara Castelli, 
Stefania Salvi. Arabella Mazzocchi, Roberta 
Mortarini, Gabriella Nicolini, Andrea Anichini 
and Gioraio Parmiani, Experimental Oncology D, 
Istituto Nazionale Tumori, 20133 Milano, Italy 
TIL were isolated from a subcutaneous 
metastasis of melanoma and cytotoxic T cell 
(CTL) lines were obtained by sensitizing in 
vitro in mixed lymphocyte tumor cell cultures 
(MLTC) four separate aliauots of TILs with 
autologous tumor cells and recombinant IL-2. 
All the CTL lines were predominantly TCR ap +, 
CD3+. CD8+ and. although able to lyse several 
allogeneic targets. displayed a preferential 
cytotoxic activity against the autologous 
tumor. TCR composition was analysed by using 
the polymerase chain reaction with 5'Va or Vp 
specific primers and 3'Ca or Cp primers. In 
fresh TILs, the entire repertoire of the Va 
and Vp gene families tested was present and no 
TCR oligoclonality was found in the CTL lines. 
Twenty-six CTL clones which exhibited CD3- 
dependent and MHC-restricted killing of the 
autologous melanoma were isolated from the 
four TIL cultures. TCR analysis indicated 
that, indipendently from the MLTC of oriain, 
only four combination of Va and Vp gene 
families were present in the majority of these 
CTL clones. These Va and Vp gene families 
were not found in a panel of CTL clones which 
did not lyse the autologous tumor. 
This study indicate that recognition of 
melanoma antigens strongly selects for certain 
types of TCR bearing T lymphocytes. 

Molecular Biology oftlie Neural Crest 
K300 T H E  N-MYC/MAX H E T E R O D I M E R :  
REGULATION AND ROLE IN NEUROBLASTOMAS, 
Marc Billaud and Rene Bernards. Division of Molecular 
Genetics, The Cancer Center of Massachusetts General 
Hospital, Charlestown MA 02129. 
Neuroblastoma is t he  most common extracranial solid 
tumor of childhood. The N - e  oncogene is frequently 
amplified in the  advanced stage tumors and this event 
correlates with a poor prognosis. N - z ,  like other 
family members, has a DNA binding domain in i t s  C- 
terminal part which includes a basic region and two motifs 
known to be involved in dimer formation: the  helix-loop- 
helix and the leucine zipper (bHLWLZ). Recently the gene 
coding for MAX, a bHLWLZ protein which dimerizes with 

was cloned. Heterodimer formation between c-= and 
MAX allows the com Iex to bind on a specific DNA site 
whose sequence is CAFGTG (CMI site). 
To  u n d e r s t a n d  w h e t h e r  t h e  e f f ec t s  of N - m y c  i n  
neuroblastomas are mediated through dimerization with 
MAX we generated N - m  and MAX roteins either by 
v& translation or as Glutathione &ransferase fusion 
y t e n s  in E. coli. Our data indicate that N - w  and MAX 

eterodimerize through the bHLHnZ motif and bind to a 
CMI site.  By using a procedure combining PCR a n d  
electrophoretic mobility assay we defined from a set  of 
com letely degenerate oligonucleotides the high affinity 
b in l ing  s i te  for MAX a s  well a s  for t h e  N--/MAX 
he te rod imer .  MAX was  found t o  b e  expres sed  i n  
neuroblas toma cell  l i nes  r ega rd le s s  t h e  degree  of 
amplification of the N-E gene. Furthermore we showed 
by RNase protection that the two transcripts coding for the 
two isoforms of MAX, which differ only b 9 amino-acids, 
a r e  coexpressed in these tumors. FinaLy, a dominant 
negative mutant of MAX which lacked the basic domain 
required for DNA-binding was constructed and transfected 
in  r a t  a n d  h u m a n  neurob la s toma  ce l l  l i n e s  t h a t  
overexpressed N-myc. A number of stable transfectants 
were generated. The phenoty e of these cells, including 
their metastatic properties, wilfbe presented 

K 207 
PULSED B CELL LINES BY TUMOR-SPECIFIC T 

LYMPHOCYTES, Walter J. Storkus'. Russell D. Salter v ,  and Michael 
T. Lotze'.*Deparlments of Surgery, Molecular Genetics, and Biochem- 
istry, and the 'Department of Pathology, Pittsburgh Cancer Institute. 
University of Pittsburgh School of Medicine, Pittsburgh. PA 15261. 

ACQUIRED RECOGNITION OF MELANOMA PEPTIDE- 

Cytotoxic human TIL derived from melanoma lesions are typically 
CD3+. CD8+. TCR SlP + cytolytic T lymphocytes (CTL) that react with 
melanoma target cells in a class I-restricted. tumor-specific manner. In 
particular. HLA-A2-restricted CTL lines have been demonstrated to lyse 
autologous and semi-allogeneic HLA-A2+ melanomas, as welt as fully 
allogeneic melanomas expressing transfected HLA-A2 molecules. These 
findings support TIL recognition of shared or cross-reacttve melanoma 
antigens [peptides) presented in the context of autologous HLA-A2 class I 
molecules. 

presented melanoma peptides in order to identify TIL-reactive sequences. 
We report that bulk, acid-eluted peptides (<3000 Mr) derived from HLA 
A2+. but not HLA-A2-. melanomas can sensitize HLA-A2+ B cell lines 
(K4B and C1 R.A2) to melanoma-specific TIL-mediated cytolysis. HPLC 
fraclionation of bulk melanoma peptides will be performed to identify 
relevant TIL-specific peptide(s). 

We are examining the range of naturally processed, HLA-AP- 

18h-pulseda LUHO' effector cells (4h) 
W e t  P W  TlL1074 TIL 1128 
K4B None 12 4 

Me1 397 (A2-) 21 <4 
Me1 526 (A2+) 88 25 
Me1 624 (M+) N D  85. 

Me1 526 None 135 ND 
Me1 624 None ND 85 

aData representative of 2 experiments performed. Lytic values 
underlined are significant with p < 0.05. 

I( 307 INHIBITION OF HETASTATIC MEUWOMA CELL GROWTH BY 
12-0-TETRADECANOYL PHORBOL-13-ACETATE: 

REGUIATION OF PHOSPHORYIATION AND SYNTHESIS OF p34- AT 
Gl/S BOUNDARY. Coppock, D.L.. Tansey. J. and Nathanson, 
L. Oncology Research laboratory, Winthrop University 
Hospital, Mineola, NY 11501. 
In vitro growth of normal melanocytes requires addition of 
a phorbol ester. In contrast, TPA is growth inhibitory for 
metastatic melanoma cells. We have investigated the basis 
for this growth inhibition in the Demel melanoma cell line, 
established in our laboratory from a metastatic melanoma. 
Addition of TPA blocks the transition from G1 into S phase 
and from G2 into mitosis, To analyze the events of the G1 
+ S transition, we have synchronized the Demel cells in G 1  
using lovastatin for 24 hours followed by release from the 
block by addition of mevalonate. After 8 hours the cells 
begin to enter S phase. The p34@ protein kinase is 
thought to have a regulatory role in both the Gl/S and GZ/M 
cell cycle transitions. Using an antibody to the C- 
terminal peptide of p34-, we analyzed immunoprecipftations 
of p34- in Demel melanoma cells. When cells are labelled 
with =PO,, ~ 3 4 ~  was unphosphorylated in G1, was highly 
phosphorylated in early S and remained phosphorylated in 
late S and G2m. When TPA was added at 8 hours after 
release from the G1 arrest, p34- remained unphosphorylated 
at 16 or 24 hours. However, i f  TPA was added at 16 hours 
p34- was phosphorylated at 24 hours. In a parallel 
experiment where cells were labeled with %-methionhe, we 
demonstrated that the rate of synthesis of p34-  was low 
in G1, and increased by 24 hours. This could be blocked 
by addition of TPA by 8 hours but not by 16 hours. This 
TPA sensitive point is passed by early to mid S phase. In 
summary, these experiments show that the TPA sensitive 
checkpoint in late G1 regulates the synthesis and 
phosphorylation of p34- in metastatic melanoma cells. 
This in turn may play an important role in regulating the 
entrance of these cells into S-phase. 
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MALIGNANT MELANOMA. Jane W. Fountain', Maria 
Karayiorgou', Sharon L. Graw', Alan J. Buckler', Domenica 
Taruscio2, David C. Ward;'. Marc S. Ernstoff3. John M. 
Kirkwoods. Brigitte Bouchard4. Setaluri Vijayasaradhi4, Alan N. 
Houghton4, Nicholas C. Dracopoli'. and David E. Housman'. (1) 
Center for Cancer Research and Dept. of Biology, M.I.T., 
Cambridge, MA 02139, (2) Yale Univ. School of Medicine, New 
Haven, CT 06510, (3) Pittsburgh Cancer Institute, Division of 
Medical Oncology, Univ. of Pittsburgh, Pittsburgh, PA 15213, (4) 
Memorial Sloan-Kettering Cancer Center, New York, NY 10021 
A region of haman chromosome 9p has been identified which is 
frequently deleted in cutaneous malignant melanoma (CMM). 
Hetero- or homozygous loss of 9 ~ 2 1 . ~ 2 2  markers, including 
(from distal to proximal) the p-interferon (IFNB1) locus, the a- 
interferon (IFNA) gene cluster, c72, D9S3, and D9S19, has been 
detected in over 81% of CMM cell line and tumor DNAs. The 
putative 'melanoma' tumor suppressor gene is thought to reside 
near a 1.6 cM region encompassing c72 and D9S3 since two 
unrelated melanomas are homozygously deleted for one or both 
of these loci. The IFNBl and IFNA genes still remain potential 
candidates for involvement in CMM since they reside close to 
chromosomal breakpoints in one of these two tumors and are 
located in a region just distal to c72. In contrast to the 
interferons, another 9p candidate gene, gp75. which encodes a 
melanoma-associated antigen, has been determined to reside 
outside of the c72/D9S3 region and is, therefore, believed to play 
an independent role in the development of CMM. Additional 
potential candidate genes have also been identified using the 
method of exon amplification on appropriate cosmid and yeast 
artificial chromosome (YAC) DNAs. To date, five or moreYACs 
have been identified from the CEPH YAC library for each of the 
three loci, IFNA. c72. and D9S3. These YACs are currently 
being used to create a more detailed physical map of this region 
of 9p21 and should also aid in determining the extent of the two 
homozygous deletions detected in CMM 

CHARACTERIZATION OF THE REGION OF 
CHROMOSOME 9p DELETED IN CUTANEOUS 

K304 TRANSCRIPTIONAL REGULATION OF PKC-B I N  
MELANOCYTES AND MELANOMAS: IDENTIFICATION 
OF THE PKC-B PROMOTER, Marianne Broome 

Powell, J o d i  Godfrey, and Richard K. Rosenberg, 
Arizona Cancer Center,  Universi ty  of  Arizona, 
Tucson, A 2  85724 

The tumor promoter, 12-0-tetradecanoyl 
phorbol-13-acetate (TPA) , is required f o r  
prolonged growth of normal melanocytes i n  v i t r o  
y e t  it is o f t e n  growth i n h i b i t o r y  for melanomas. 
Since p r o t e i n  k inase  C is an important mediator 
of t h e  e f f e c t s  of  TPA, w e  are i n v e s t i g a t i n g  t h e  
expression and r egu la t ion  of PKC i n  melanocytes 
and melanoma cells. Melanocytes express  PKC 
alpha,  beta, and eps i lon  isotypes.  The melanoma 
w e  have examined express  PKC alpha and eps i lon ,  
whereas t e n  o u t  of e leven melanomas do no t  
express  PKC beta .  Southern a n a l y s i s  revealed t h a t  
t h e  gene has  no t  been l o s t  and t h a t  there are no 
g ross  d e l e t i o n s  o r  mutations.  To s tudy r e g u l a t i o n  
of the  PKC beta gene a t  t h e  t r a n s c r i p t i o n a l  
l e v e l ,  w e  are cloning and cha rac t e r i z ing  t h e  PKC 
beta gene promoter. W e  have i s o l a t e d  f i v e  genomic 
clones which hybr id i ze  t o  a cDNA probe f o r  t h e  
PKC beta .  R e s t r i c t i o n  d i g e s t s  reveal t h a t  these 
f i v e  i s o l a t e s  are from two independent c lones.  
One clone con ta ins  sequences corresponding t o  t h e  
two . t e rmina l  exons B1 and B2. The o t h e r  c lone  
con ta ins  upstream sequences. W e  are c u r r e n t l y  
mapping t h e  t r a n s c r i p t i o n  s t a r t  s i t e  and promoter 
sequences. Once i d e n t i f i e d ,  t h e  promoter w i l l  be 
fused t o  a CAT cons t ruc t  t o  examine whether t h e  
promoter is func t iona l  i n  melanocytes t h a t  
express  PKC B and i n  melanoma w h i c h  do not  
express  t h e  PKC B. 

K 303 NEURAL CREST DEVELOPMENT IN PIEBALD MICE 

Department of Molecular Biology and the Howard Hughes 
Medical Institute, Princeton University, Princeton, New Jersey 
08544 
Neural crest cells derive from the embryonic ectoderm, migrate 
extensively throughout the developing embryo, and 
differentiate into a variety of different cell types including: 
neurons and supporting glial cells of the sensory, sympathetic 
and parasympathetic nervous systems, the epinephrine 
producing cells in the adrenal gland, skeletal and connective 
tissues in the head, and pigment containing melanocytes in the 
dermis and epidermis. Little is known about the mechanisms 
directing the migration of neural crest to specific sites in the 
embryo, or about the factors influencing their differentiation 
into the spectrum of derivatives. One powerful approach to 
identify components involved in neural crest development has 
been to analyze mutant mouse strains exhibiting abnormal 
developmental phenotypes in neural crest derivatives. 

Piebald,  (s) mice have white spotted coats due to a 
complete lack of recognizable melanocytes in the white areas of 
the skin, and also develop megacolon due to a lack of enteric 
ganglion cells in the distal portion of the colon. Since both 
melanocytes and enteric ganglion cells are derived from the 
neural crest, the s gene product may be involved in the 
development of crest derivatives in the skin and colon. The s 
allele may exert its affect in several ways; including abnormal 
migration of neural crest cells to white regions of the skin or 
colon, a failure of these cells to survive, or an inability to 
differentiate into melanocytes and enteric ganglia. To better 
define the influence of the s loci on neural crest development, 
molecular markers that recognize nerual crest cells, 
melanoblasts and neuroblasts are being used to follow neural 
crest cells during development of melanocytes and enteric 
ganglia in the skin and gut of s mice. 

William J. Pavan and Shirley M. Tilghman 

K305 D O M I N A N T  N E G A T I V E  AND LOSS O F  F U N C T I O N  
MUTATIONS O F  THE C - K I T  (MAST/STEM CELL 

GROWTH FACTOR RECEPTOR) PROTO-ONCOGENE I N  HUMAN 
PIEBALDISM, Richard A. S p r i t z ,  Lutz B. G i e b e l ,  
S t u a r t  A. Holmes, Sara Droet to  and Kathleen M .  
S t r u n k .  Department of Medical  G e n e t i c s ,  
Un ive r s i ty  of Wisconsin, Madison, W I  53706 
Piebaldism is an autosomal dominant human g e n e t i c  
d i so rde r  of melanocyte development cha rac t e r i zed  
by congen t i a l  w h i t e  patches of s k i n  and h a i r  f r o m  
which  me lanocy tes  a r e  comple t e ly  a b s e n t .  A 
s i m i l a r  d i s o r d e r  of t h e  mouse, "dominant w h i t e  
spo t t i ng"  ( W ) ,  r e s u l t s  f r o m  mutations of the  c- 
K i t  proto-oncogene, which encodes the c e l l u l a r  
r ecep to r  t y r o s i n e  k inase  f o r  t h e  m a s t j s t e m  cell  
growth f a c t o r .  W e  have i d e n t i f i e d  c - K i t  gene 
m u t a t i o n s  i n  f i v e  u n r e l a t e d  p a t i e n t s  w i t h  
piebaldism. One p a t i e n t ,  who has  a cy to log ica l ly  
v i s i b l e  d e l e t i o n  of 4q12, is hemizygous f o r  both 
t h e  c - K i t  and ad jacen t  PDGFRA genes. Four o t h e r  
p a t i e n t s  have p o i n t  mutations within t h e  t y r o s i n e  

Two missense k i n a s e  domain of c - K i t .  
s u b s t i t u t i o n s  a r e  a s s o c i a t e d  w i t h  a s e v e r e  
p i e b a l d  phenotype.  Two f r a m e s h i f t s  are  
as soc ia t ed  w i t h  a v a r i a b l e  and somewhat m i l d e r  
p i e b a l d  phenotype.  T h e s e  d a t a  i n d i c a t e  t h a t  
human piebaldism is t h e  homologue t o  dominant 
w h i t e  s p o t t i n g  (W) of t h e  mouse, and suggest  
t h a t  c - K i t  polypept ides  containing missense 
s u b s t i t u t i o n s  may e x e r t  "dominant n e g a t i v e "  
e f f e c t s  on func t ion  of t h e  receptor  i n  vivo. 

I n  re la ted s t u d i e s ,  w e  have u t i l i z e d  t h e  
polymerase chain r e a c t i o n  t o  de f ine  a r e p e r t o i r e  
of p r o t e i n  r ecep to r  t y r o s i n e  kinase (PRTX) WAS 
i n  primary human pigment cells. I n  add i t ion  t o  
previously-known PRTK mRNAs, such as c - K i t ,  w e  
have i d e n t i f i e d  a number of novel PRTK mRNAs. W e  
are c u r r e n t l y  s tudying the t i s s u e  d i s t r i b u t i o n  of 
these mRNAs and mapping t h e i r  genes t o  i d e n t i f y  
p o t e n t i a l  c a n d i d a t e  l oc i  f o r  o t h e r  g e n e t i c  
d i s o r d e r s  of pigmentation. 
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K306 EXAMINATION OF W A M E R  BINDING PROTEIN 
P A n E R N S  IN MELANOMA METASTASIS AND THE 

EFFECT OF DIFFERENTIATIATING AGENTS UPON MELANOMA 
GENE EXPRESSION. Richard A. Sturm*, Angus Thompson#, 
Brendan OSullivan#, Patrick Danoy' and Peter G. Parsons#. *Centre 
for Molecular Biology and Biotechnology, University of Queensland, 
Qld. 4072, Australia and #The Bancroft Centre, Queensland Institute for 
Medical Research, Bramston Terrace, Herston, Qld 4006, Ausnaiia. 

It is now recognised that there is a large family of octamer binding 
proteins (OBPs) that appear during mammalian embryonic development in 
a stage or lineage specific manner and which may also be expressed in 
various adult organs, most notably neuronal tissue. The cellular profile of 
proteins interacting with the Octamer control sequence (ATGCAAAT) has 
been examined in a number of melanoma cell lines and in secondary 
melanoma tissue to investigate their distribution and possible functional 
correlation with melanoma gene expression. Our studies have revealed 
two distinct melanoma OBPs that we refer to as a t - M I  and Oct-M2. The 
Oct-M2 activity was seen only in cell lines derived from tumor metastases 
and is not present in  cultures of primary melanocytes. OBP assay of a 
melanoma brain metastasis biopsy and a derived cell line from a familial 
melanoma patient showed an OBP profile consistent with that seen for 
human brain tissue. Melanoma lymph node metastasis has also been 
studied to determine the OBP profile of lymphoid invasive cells. The 
level of Oct-M1 activity in the pigmenting melanoma cell line MM418 was 
enhanced in comparison to the general Oct-1 protein when cells were 
treated with the depigmenting agent dithiothreitol and conversely was 
reduced by the differentiating and pigment inducing agents dimethyl 
sulfoxide and butyric acid. These differentiating agents also reduced the 
expression of a preme1anosom;il epitope B8G3 as assayed by Western 
blotting, and tyrosinase-related protein-1 mRNA levels as assayed by 
Northern blotting. 

Immune Mechanisms of Tumor Rejection and Treatment 111 Mfln 
and Animal Models . 
K 400 

AND DEVELOPMENT IN A MURINE MODEL, C.A. Armstrong. 
S.V. Koppula, D.C. Tara, J.C. Ansel. Dermatology Service, 
Department of Veterans Affairs Medical Center, Portland, OR 
97207 
W e  recently reported that human melanoma cells are  capable of 
producing a number of cytdtines including interleukin 6 (IL-6). 
The effect  of this cytokine on the growth and development of 
melanoma is unknown. In this study we have developed a murine 
model to evaluate the role of melanoma IL-6 production on the 
biology of this neoplasm in an immune competent syngeneic 
host. A 816 derived murine melanoma cell line, HFHIB, was 
stably transfected with a pZipNeo expression vector contahing 
a full length murine IL-6 cDNA insert. This resulted in HFH18 
transfectants which expressed significant amounts of 1L-6 
mRNA and secreted high levels of bioactive 1L-6 as determined 
in the 69 bioassay. 11-6 production by HFHIB cells had a 
profound effect  on tumor growth in syngeneic C578L16 mice. 
Animals injected sc with non-IL-6 secreting cells including 
parental HFHLB cells, HFHIB cells transfected with vector 
alone, or HFHI8 cells transfected with the IL-6 insert in t h e  
3'-S reverse orientation developed tumors that  grew at  a 
significantly more rapid rate  and reached a final mean tumor 
volume at day 30 that  was 10-fold greater than tumors t h a t  
developed in animals injected with the IL-6 secreting HFHl8 
cells. Likewise, serum IL-6 levels were significantly elevated in 
animals injected with the IL-6 secreting cell lines. The median 
survival for animals injected with non-IL-6 secreting melanoma 
lines was 25 days compared to a median survival of 55 days for 
animals injected with 1L-6 secreting cells. Thus, melanoma- 
derived IL-6 has a significant anti-tumor effect in vivo. 
This effect  may be mediated by the ability of 1L-6 to stimulate 
host immune effector cells or by local autocrine or paracrine 
effects on the growth or immunogenicity of the melanoma cells 
themselves. This murine model will permit detailed study of the 
role of melanoma-derived cytokines in the biology of this 
cutaneous rteoolasm. 

THE EFFECT OF MELANOMA-DERIVED 
INTERLEUKIN 6 ON MELANOMA GROWTH 
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STRAINS. Douglas T. Yamanishi, Mark J. Graham, 
Malabika De, Barna De, Julie A. Buckmeier, and Frank L. 
Meyskens Jr., Clinical Cancer Center and College of Med., 
Dept. of Hem./Onc., U.C. Irvine, Irvine, CA 92717. 
Our previous studies on the expression of the protein 
kinase C (PKC) isotypes (a, P ,  y and E) in human neonatal 
primary melanocytes and  metastatic melanoma cell  
strains had shown that metastatic melanoma cells did not  
express PKC PII RNA transcripts using Northern blot 
analysis. 
Northern blot analysis of fresh tumor t issues and 
transfection of PKC genes into metastatic melanoma cells. 
Expression of the PKC PII RNA transcripts were either 
decreased or undetectable in  fresh metastatic melanoma 
tissues using Northern blot analysis. T h e  role of the PKC 
P I I  gene in human melanoma cells was  further analyzed 
by transfection. Colonies could be isolated following 
transfection of melanoma cells with either the selection 
vector alone or in combination with a P K C  @ I  gene or 
another gene. However,  transfection of melanoma cells 
with the PKC P11 gene under a constitutive promoter 
induced cell  death/senscence within o n e  to  two  weeks. 
Studies are underway to express the PKC 011 gene under 
a metallothionein promoter. These data  suggest an 
alteration in the expression of the PKC p11 gene in the 
progression of primary melanocytes to  metastatic 
m e l a n o m a .  

TRANSFECITON OF PROTEIN KINASE C GENES 
INTO HUMAN METASTATIC MELANOMA CELL 

W e  have extended our PKC studies using 

K 401 IMMUNE RESPONSE TO MURINE MELANOMA CEUS 
TRANSFECTED WITH MHC GENES. P. W. Chen and 

H. N. Ananthaswamy. Department of Immunology, The 
University of Texas M. D. Anderson Cancer Center, 
Houston, TX 77030. 
Tumor-specific immunity is mediated by cytotoxic T 
lymphocytes that recognize peptide antigens in the 
context of MHC class I molecules and by T helper 
cells which recognize peptide antigens in the context 
of MHC class II molecules. To elucidate the relative 
importance of MHC class I and class II antigens in 
tumor rejection, we transfected K1735, a C3H mouse 
melanoma cell line that did not express either MHC 
class I or class II antigens, with H-2Kk and/or I-Ak 
genes and determined their tumorigenicity in normal 
C3H and athymic nude mice. K1735 melanoma 
transfectants expressing either H-2Kk or Ak antigens 
alone produced tumors in both normal C3H and nude 
mice, whereas most transfectants expressing both H- 
2Kk and Ak antigens were rejected in normal C3H 
mice, but produced tumors in nude mice. In addition, 
the transplantation immunity induced by K1735 
transfectants expressing both H-2Kk and Ak antigens 
completely cross-protected mice against challenge 
with H-2Kk-positive transfectants, but only partially 
against challenge with Ak-positive transfectants and 
the parental K1735 cells. Thus, these studies 
demonstrate that expression of either MHC class I or 
class II antigen alone is insufficient to cause tumor 
rejection and that both are essential for the 
rejection murine melanoma cells. Supported by 
American Cancer Society grant #IM-598 to H. N. A. 
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Kim T.S., Russell S.J., Collins U.K.L. Department of 
Microbiology, University of Illinois at Chicago, Chicago, 
IL 60612 and Chester Beatty Labs, London SU3 6JB. England 
Cytotoxic T lymphocytes are hovn to recognize an extra- 
ordinarily vide array of small peptides (in the context of 
UHC) including neoantigens associated vith malignant cells. 
It may be that the growth of antigenic tumors results from 
a failure of fmmune recognition, not from the absence of 
tumor-associated determinants. A n  understanding of the 
cellular "defect" that enables tumor cells to grov in 
immunocompetent recipients could have important implications 
for the specific immunotherapy of cancer. As an experimental 
approach, we used transfection to construct IL-&secreting. 
allogeneicmouse fibroblasts that expressmelanoma-associated 
antigens. We then tested the cells' immunogenic properties 
in terms of their ability to elicit an anti melanoma immune 
response in mice syngeneic vith the tumor. The construct was 
prepared by transfecting genomic DNA from 616 cells (H-Zb) 
into L?l cells (H-ZL) which are allogeneic with C57BL/6 mice. 
Colonies of transfected cells expressing melanoma-associated 
determinants were isolated, and then infected vith an 
expression-competent plasmid carrying the gene for IL-2. 
C57BL/6 mice rejecting the IL-2-secreting, melanoma antigen- 
positive allogeneic mouse cells developed cellular immunity 
to the melanoma. This immunity exceeded that folloving 
immunization vith non-11-2-secreting constructs. or with 816 
cells. Both CD8+ cells and macrophages vere involved in 
tumor rejection. Uice immunized with the IL-2-secreting 
cells survived for prolonged periods following challenge vith 
viable 616 cells. The importance of the alloantigens in the 
immunogen was indicated by the failure of H-2' mice to 
develop anti melanoma immunity folloving immunization vith 
constructs that did not secrete IL-2. Thus. the highest 
levels of anti melanoma immunity developed in mice syngeneic 
vith the tumor that received immunizations vith IL-2- 
secreting cells expressing allo antigens along with melanoma 
associated determinants. 

Immunity to Helanoma with IL-2-Secreting Uouse 
Cells Expressing Helanonu-Antigens, Cohen E.P.. 

K404 REGIONAL EOSINOPHILIA CORRELATES WlTH 
CLINICAL RESPONSE TO IL-2ILAK CELL THERAPY IN 

PRIMARY BRAIN TUMORS, Roberta L. Hayes, Maxim Koslow, 
Emile M. Hiesiger, Ellery Moore, DonnaMarie Pierz & Joseph 
Ransohoff, Dept Neurosurgery, NYU Medical Center, NY, NY I0016 
The median survival for patients with primary, malignant glioma [grade 
3/3, giioblastoma (GBM)], is approximately 56 wks following surgery, 
radiation and chemotherapy. After recurrence and re-opemtion, median 
survival is 26-29 wks. Twenty-seven patients with recurrent glioma were 
evaluated for a Phase 1/11 !rial of lymphokine activated killer (LAK) cells 
and interleukin-2 (IL-2, Cetus). Post-operatively, 15 patients were 
eligible for therapy (2 anaplastic astrccytomas, 13 GBMs). LAK cells 
(1x108-10'~ and IL-2 (1.2~106-2.4~106 IU/bolus) were infused into the 
tumor cavity through a reservoir. Two cycles of therapy, each consisting 
of 6 doses of IL-2 were infused, with LAK cells given on the first day 
of each cycle. Unlike. most brain tumor protocols, the use of cortico- 
steroids was strictly limited during treatment. Based on survival, the 13 
treated GEM pahents could be divided into responder (N=7) or non- 
responder (N=6) groups. The overall mean survival after re-operation 
was 55.2 _t 3.4 wks (SEM); median 47 wks (N=13). The mean for the 
7 responders, however, was 79.4 & 12.6 wks, median 75 wks, versus 
a mean of 31.5 1.8 wks, and a median of 29 wks for non-responders. 
In addition, 2/2 of the treated AA patients and 5 GBM patients are alive. 
The mean survival for 10 recurrent GBM patients who were re-operated 
on during this time period, but who were not treated with IL-ZILAK, 
was 28.4 +- 3.4 wks (median 26.5 wks). Prior to each IL-2 injection, 
fluid was aspirated for WBC differentials and cytokine analyses, (IL-2, 
IFNy and soluble IL-2 receptor). Progressive, marked eosinophilias were 
noted in the fluid aspirates of the responder patients, although peripheral 
blood eosinophil levels did not increase. Four patients had re-operations 
following therapy, and 2 had autopsies. The tissue nearest the catheter 
showed marked areas of tumor necrosis with eosinophilic and CD45RO+ 
lymphocytic infiltrates. The chemoattraction of eosinophils to the bxain 
is probably due to in sim production of IL-5 by activated lymphocytes. 
Persistent eosinophils and IL-2 were demonstrated in one patient by 
lumbar puncture 13 wks after re-operation. Supported by CA46788. 

K 403 EFFECT OF UV-8 RADIATION ON THE METASTASIS 
OF MURINE MELANOMAS. Cherrie K. Donawho, and 

Margaret L. Kripke. Department of Immunology, University of 
Texas M.D. Anderson Cancer Center, Houston, TX. 
Previously we reported that the outgrowth of murine melanoma 
cells was accelerated when they were injected into the skin of 
syngeneic mice exposed to UV-B (280-320 nm) radiation (UVR). 
We demonstrated that the phenomenon was restricted to 
immunogenic tumors and could not be detected in 
immunosuppressed mice. These results suggested that UV irra- 
diation was impairing a local. immunological resistance 
mechanism that contributes to the control of tumor growth in the 
skin. To determine whether this immunological resistance 
mechanism is also important in controlling the metastatic spread 
of cutaneous tumors, metastatic clones of the K1735 melanoma 
were used in syngeneic C3H/HeN(MTV-) mice. Clones 4 and M2 
of K1735 metastasize spontaneously when implanted into the 
external ear; however, clone 4 is not detectably immunogenic, 
whereas clone M2 is highly immunogenic. Tumor fragments from 
each clone were implanted into the pinna of groups of C3H mice 
and excised 3 to 5 weeks later. Some mice in each group were 
exposed to 4.8 kJ/m2 UVR twice a week for 3 weeks either 
before tumor implantation or during the period of local tumor 
growth. The mice were monitored for survival time and examined 
for the presence of metastases at the time of death. With the 
immunogenic clone M2, the average number of metastases per 
mouse was increased and the survival rate was decreased in the 
UV-irradiated groups compared to the non-irradiated mice. With 
the non-immunogenic clone 4. UV irradiation had no effect on 
the pattern of metastasis or on survival time. We conclude that 
UV irradiation of the skin not only facilitates the growth of local 
tumors, but also enhances the metastatic dissemination of cu- 
taneous tumors: both of these effects appear to be limited to 
immunogenic tumors, suggesting that this effect of UV irradiation 
is immunologically mediated. 

K 405 SUCCESSFUL TREATMENT OF A MALIGNANT RAT 
GLIOMA WITH CYTOTOXIC T LYMPHOCYTES. Frank P. 

Holladay, Teresa Heitz, Yen-Ling Chen and Gary W. Wood. 
Departments of Surgery, Neurosurgery Division and Pathology and 
Oncology, The University of Kansas Medical Center, Kansas City KS 
66103 
Brain tumors are highly resistant to therapy. Their diffuse infiltrative 
nature and the relative inaccessibility of brain tissue to blood and 
lymph are barriers to  surgical and cytotoxic treatments alike. 
Moreover, it is not clear whether they express antlgens whrch 
stimulate immune responses in syngeneic hosts. The purpose of this 
study was to produce immune cells specifically reactive with an 
anaplastic rat glioma (RT2) and determine whether those cells could 
affect tumor progression in the brain. RT2-specific cytotoxic cells 
were prepared by priming rats 111 vivo with RT2 tumor cells and C. 
I)BT~UTII and stimulating the primed lymphocytes 111 viiro with 
irradiated RT2 tumor cells and interleukin-2 (IL-2). A variety of 
control cell populations exhibited only low levels of cytotoxicity 
against various tumor target cells. Specifically stimulated cytotoxic 
cells exhibited a high level of cytotoxicity against RT2, but not C6,  
an allogeneic glioma, 3M2N. a syngeneic mammary tumor or CSE, a 
syngeneic fibrosarcoma, tumor cells. To  generate a model for  
therapy, rats were injected intracerebrally (IC) with RT2, generating 
progressing brain tumors, which killed untreated rats in approximately 
two weeks. To  test the therapeutic potential of the effector cells. 
tumor-bearing rats were treated by intravenous (IV) injection o f  
lymphocytes on day 5 of tumor growth. Treated rats also received a 
five day course of systemic IL-2 beginning on day five. Treatment 
with 11-2 alone, RT2-primed spleen cells or  RT2-primed spleen cells 
stimulated in VII IO with C6 did not affect rat survival. However, 
tumor-bearing rats treated with RT2-stimulated lymphocytes 
exhibited increased survival or  were cured. Systemic IL-2 was an 
essential adjunct, because survival was not affected by treatment with 
effector cells alone. Therapy initiated on day eight of tumor 
progression lacked effect on survival. Those results demonstrated that 
rapidly progressing malignant brain tumors may be treated effectively 
by systemic administration of tumor specific immune cells and IL-2. 
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Janik, John W. Smith 11, Walter J. Urba, William 
Sharfman, Brendan Curti, Joost J. Oppenheim, 
Dan L. Longo. Clinical Research Branch, 
Biological Response Modifiers Program, Division 
of Cancer Treatment, National Cancer Institute, 
and PRI/DynCorp., Frederick, Maryland 21701. 
We are conducting a phase I trial of IL-la 
administered into subcutaneous and cutaneous 
tumors to determine the toxicity and biologic 
effects of IL-1 on the injected lesion. 
Preclinical studies indicate that intratumoral 
injection is the most effective route of admin- 
istration to decrease tumor size and effect a 
cure in animals with tumors of varying immuno- 
genicity. Patients (pts.) with advanced 
metastatic cancer who had at least 2 biopsiable 
sites of disease were eligible. IL-la was 
administered intratumorally once daily for five 
days with doses ranging from 0.001-0.1 pg/kg to 
cohorts of three pts. Sixteen pts. have been 
treated, 13 with melanoma, 2 with colorectal 
cancer and 1 with renal cell cancer. The toxic- 
ity was comparable to that of intravenously 
administered IL-1 and consisted of fever, chills, 
hypotension, nausea, vomiting, headache, myalgia, 
arthralgia and abdominal pain. A toxicity unique 
to intralesional therapy was the development of 
acute localized erythema (56% of pts.) and two 
episodes of cellulitis. Melanoma biopsies ( 3  or 
21 days post-injection) have shown no alteration 
in expression of class I or class 11 major 
histocompatibility antigens, or infiltration of 
neutrophils. One pt. had intratumoral infil- 
trating lymphocytes. Most pts. developed 
perivascular CD3+ lymphoid infiltrates in the 
tumor specimens or in the surrounding subcu- 
taneous tissue. No partial or complete re- 
sponses occurred. The maximum tolerated dose 
has not been reached. 

INTERLEUKIN-1 ALPHA (IL-la). John E. 

K 408 NEURAL CREST CELL STUDIES IN THE GENETICALLY BASED 
MELANOYA MODEL OF XPHOPHORUS. Bahram Sadaghiapl. 

Bruce J. Crawford , Juergen R. Velkind. Dept. d Path. and h a t  _. 
University of British cdumbia and Dept. of Cancer Endocrindogy. B.C. 
Cancer Agency, Vancouver, V5Z 1 L3, Canada. 

Cancer appears to result from multiple genetic changes leading to the 
loss of the ditterentbted state d cells. With a drastic Increase In the 
incidence of human melanoma, il Is virally impcitant to identfy the factm 
which regulate nand differentiation of pigment cells. In the Xiphophorus 
fish melanoma model which is well established as a model for human 
melanoma. the progression into the melanomatous state is accompanied 
by a stepwlse accumulation of alterations of genetlc fact018 mediating 
proper growth control and differentlation d pigment cells. The pigment 
cells that Qive rise to melanoma are derived from the transient embryonic 
structure. the mural crest. In order to study normal and melanomatous 
pigment cell dilferentiation from the very earllesr stagea we have studled 
neural crest formation and the migration d its derlvathre cells h normal 
?nd abnwmal genotypes In these fish. Basically, the formation d this 
structure as well as the migration pathways are simllar to those in Cmer 
venebrates. However, the time p int  d neural cmst Cell mlgratlon 
appears to be genotype specific; in pattlcular early mlgratlon w(1s found in 
offspring that inherited the melanoma from the mother Instead the father 
suggesting a m a t e d  effect. This m a t e d  effect may fdso contribute to 
the eariier and greater sever@ d these melanomas. Proper cell 
difterentiation relies on both Intrinsic and extrinsic signal exchange in the 
correct place and at the correct time. Therefore. the appearance of such 
ECM components as fibronectin, collagen. chondroltln solfate. and 
laminin were fdlowed by lmmunostaining wlth Abs againsl these 
components In combination with the migration paltem of neUral crest cells 
as followed by staining with the mAb HNK-1. In general. the ECM 
components appeared prior/at the same time as the neuml crest cells. 
The experiments in melanoma producers are underway as are studies In a 
recently deveioped in vifro system of cultured neural crest cells derhred 
frm explanted neural tubes. 
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V ACCIN ATlON WITH MELANOMA- ASSOCIATED 

HUMORAL IMMUNE RESPONSE IN DISEASE- 
FREE ADVANCED MELANOMA PATIENTS AFTER 

GANGLIOSIDES, Jacques Portoukalianl, Stefan Carrel2, 
Jean-FranCois Dor& and Philip Riimke3, on behalf of the 
EORTC Cooperative Melanoma Group. 1Centre Leon 
Berard, Lyon, France; 2The Ludwig Institute for Cancer 
Research, Lausanne Branch, Lausanne, Switzerland; 3The 
Netherlands Cancer Institute, Amsterdam, The Netherlands. 

Several studies have shown that melanoma-associated 
gangliosides are immunogenic in melanoma patients and that 
antibodies against them have a prognostic favorable effect. 
Our study aimed at characterizing the humoral immune 
response in disease-free advanced melanoma patients 
vaccinated with a total ganglioside fraction extracted from 
pooled metastases of human melanoma, containing as major 
gangliosides GM3 and GD3, and as minor ones GM2 and 
GD2. Repeated vaccinations were done intradennally with 
gangliosides either in the native form in buffered solution, or 
in the form of liposomes. Serum samples were coliected and 
assayed by ELISA for the presence of specific IgG and IgM 
antiganglioside antibodies. Out of 32 evaluable patients, 17 
presented a significant increase of specific antibodies, mostly 
of the IgG isotype, which was maximal between two and four 
months after starting injections of gangliosides, and gradually 
disappeared within one year. Selected sera were tested by 
FACS analysis and immunostaining on thin-layer plates. All 
gangliosides seemed to be immunogenic, with somewhat more 
reactivity on GM2 and GD2. The disease-free intervals for the 
patients who showed an antibody response were significantly 
higher (p<OOOI) than those of the non-responding group as 
compared by the Kaplan-Meier method. 

K 409 A PHASE IB TRIAL OF ANTI-CD3 (OKT3) AND 
LOW M)SE CONTINUOUS INFUSION(C1) 

INTERLEUKIN-2 (IL-2) IN CANCER PATIENTS: AN 
APPROACH TO ENHANCE T CELL ACTIVATION, Sosman J.A., 
Ellis T., Bodner B., Xefer C., and Fisher R.I. 
Loyola University Medical Center, Maywood, IL. 
60153. IL-2 based immunotherapy has shown promising 
anti-tumor effects in refractory malignancies. 
While IL-2 activates NK cells in vivo, it poorly 
activates T cells, which may mediate tumor effects 
in human cancer such as melanoma. Based upon 
preclinical etudies which show that anti-CD3 can 
activate T cells, we initiated a phase I trial of 
escalating doses of OKT3 (10-600ug/mZ) in 
combination with low dose CI IL-2 (2.511 IU/m2/d). 
Patients received OXT3 as a 5 minute IV infusion 
weekly for 3 doses followed 18 hours later each 
week with a 100 hour outpatient infusion of IL-2. 
Each patient also receives IL-2 alone for 3 weeks 
separated from the OKT3/IL-2 course by 2 weeks, in 
order to better define the clinical and biological 
effects of OKT3 upon IL-2 therapy. Patients are 
monitored for T cell activation in the blood and at 
tumor sites(if possible) by assaying: T cell 
expression of activation markers (CD25Ra, 

hybridoma, cytokine mRNA in T cells, and serum 
cytokine levels ( IL-6 ,  TNF) . At present 13 patients 
with melanoma ( 3 )  , kidney (6) , cervical (2) , and colon 
cancer (1) , and sarcoma (1) have been entered at OKT3 
dose levels of 10, 100, 200ug/m2 with accrual 
continuing at 400  and 600ug levels. OUT3 has been 
generally well tolerated with transient fever, 
chills, headache and hypotension. One patient 
developed seizures, but this was associated with 
rapidly developing hemorrhagic brain metastases. 
OKT3 has not enhanced IL-2 clinical toxicity to a 
significant degree. To this point, biologic studies 
have not revealed consistent evidence for OKT3 
enhancement of T cell activation. We continue to 
explore additional dose levels and will present 
clinical and biologic data for all OKT3 doses. 

CD45RO/RA, HLA-DR) T cell lysis of the CD3- 
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K 41 0 MOLECULAR AND CELLULAR STUDIES iN THE GENETICALLY 
BASED MELANOMA MODEL OF XIPHOPHORUS. Juergen R. 

Vielkind. Bruce Woolcock and Barbara M. Schmidt, Dept. of Path., 
University of British Columbia and Dept. of Cancer Endocrindogy, B.C. 
Cancer Agency, Vancouver, V5Z lL3, Canada. 
There is an alarming increase in the Incidence of human melanoma; by 
the year 2,WO one in 90 North Americans is expected to develop the 
disease. Early diagnosis is the most promising cure. However, an 
accurate melanoma marker is not available. The genetic Xphophorus fish 
melanoma model is well established as a model for human melanoma It 
documents Ihe general concept of cancer, 1.e. multiple genetic changes 
underly the progression of a normal into a metaslazising turnour cell. The 
stages of progression produced through genetic manipulation by the 
researcher parallel those established for human melanoma. Two major 
genetic loci mediate melanoma formation in our modd- the pigment 
pattern locus, a sex-linked complex locus encompassing information for 
the formation of pigment cells, their location. and permissiveness for 
melanoma formation. and an autosomal tumour suppressor gene 
controlling final differentiation. We have found two very similar. sex-linked 
genes, mrk-I and -2. which code for putative receptor tyrosine kinases; 
mrk-2 is closely linked to the pigment pattern locus. It appears that mrk-2 
has arisen through duplication of mrk-I and is only present in fish which 
produce the pigment cells giving rise to the melanoma. mRNA expression 
studies using PCR revealed that the mrk-7 is expressed in almost all 
tissues. mrk-I and mrk-2 are expressed in the eye, skin, fins, gills, testes 
but mrk-2 shows increased expression in skin where pigment cells are 
located. Most importantly. mrk-2 expression increases with an increase in 
malignancy of the pigment cells; in malignant. metasfazising meianoma 
only mrk-2 expression is found. In order to study expression at the 
cellular level, we have generated a putative mrk-specific antibody. This 
antibody reacts with pigment cells from our fish melanoma cell line but 
not with other cell lines. Very surprisingly however, it alsn reacts with cells 
lrom three different human melanoma cell lines but does not show 
reactivii with Bcells from the same patients. Experiments are undeway 
on sections from human melanoma tissue to test its feasibllty a s  a 
melanoma marker. 

Late Abstract 
HUMAN MELANOMA RECOGNKION BY CD4+ AND CD8+ 
TUMOR INFILTRATING LYMPHOCYTES, Francine 

Jotereau. Marie-Christine Pandolfino, Christophe Viret, 
Yannick Guilloux and Elisabeth Diez, U211 INSERM. CHR, 
Plateau technique, Quai Moncousu. 44035 Nantes, France. 
In an attempt to better understand the spontaneous immune 
reactions against human melanomas we analysed the 
specificity.  diversity and activation requirements of 
melanoma TIL at the clonal level. Specificity was established 
on the basis of specific iysis or proliferation in response to 
the autologous melanoma line but not to the autologous 
lymphoblasts, to allogencic melanomas (not sharing an HLA 
antigen) or to KS62. We were able to isolate CD4+ as well as 
C D 8 +  tumor-specific clones from the 4 metastatic melanomas 
studied. All these clones were strictly dependent upon the 
presence of autologous tumor cells but also of exogenous IL-2 
and EBV-B cells for their growth. Antigen presentation by 
tumor cells was therefore necessary hut not sufficient to 
induce a significant in vitro expansion of these clones. 
Furthermore.the CD4+ clones did not produce detectable levels 
of 1L-2, although they produced TNF, in response to a 
stimulation by autologous tumor cells and EBV-B cells. 
On the basis of their TCR gene configuration. 5 different 
melanoma-specific clones (2 CD4+ and 3 CD8+) could be 
identified among 53 clones isolated from a single melanoma. 
Lysis by two CD8+ clones appeared restricted by HLA-A2 and 
was panially or completely inhibited by anti CD8 antibody. 
Lysis by the third CDl+clone was restricted by HLA-B or C 
antigens and was CD8 independent. The patterns of cross 
reactivity of the 2 A2-restricted clones with 15 allogeneic A2+ 
melanomas suggests that they recognize 2 different peptides. 
These data indicate that a spontaneous and diverse immune 
response, mediated by tumor-specific C W +  as well as CD8+ T 
lymphocytes, develops in most MHC bearing human 
melanomas but that peptide-MHC complex presentation by 
tumor cells is ineffective to permit a significant proliferation 
and therefore an optimal functioning of these lymphocytes 
inside the tumor. 
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