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COMPOSITIONS AND METHODS FOR 
TREATMENT OF NEOPLASTIC DISEASE 

CROSS-REFERENCE TO RELATED 
DOCUMENTS 

[0001] The Instant application is a continuation applica 
tion of US. application Ser. No. 09/650,884 ?led on Aug. 
30, 2000 Which claims priority to provisional applicaton 
60/151,470 ?led on Aug. 30, 1999. Both of the above 
referenced applications are incorporated herein in their 
entirety by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates generally to immunothera 
peutic compositions and methods for treating tumors and 
cancer. The methods are based on the expression of super 
antigen (“SAg”) alone or in combination With other mol 
ecules in transfected host cells (tumor cells, accessory cells 
or lymphocytes). Other therapeutic methods are based on 
administering T cells Which are activated by cells engineered 
to express SAg and other immunostimulatory molecules and 
structures. 

[0004] 2. Description of the Background Art 

[0005] Therapy of the neoplastic diseases has largely 
involved the use of chemotherapeutic agents, radiation, and 
surgery. However, results With these measures, While ben 
e?cial in some tumors, has had only marginal effects in 
many patients and little or no effect in many others, While 
demonstrating unacceptable toxicity. Hence, there has been 
a quest for neWer modalities to treat neoplastic diseases. 

[0006] In 1980, tumoricidal effects Were demonstrated in 
four of ?ve patients With advanced breast cancer treated With 
autologous plasma that had been perfused over columns in 
Which Staphylococcal Protein AWas chemically attached to 
a solid surface (Terman et al., New Eng. J. Med, 305:1195 
(1981)). While the initial observations of tumor killing 
effects With the immobilized Protein A perfusion system 
have been con?rmed, some have obtained inconsistent 
results. 

[0007] The explanation of these inconsistencies appears to 
be as folloWs. First, commercial Protein A is an impure 
preparation, as evident from polyacrylamide gel electro 
phoresis and radioimmunoassays that detected Staphylococ 
cal enterotoxins in the preparations. Second, various meth 
ods of immobiliZing Protein A to solid supports have been 
used, sometimes resulting in loss of biological activity of the 
perfusion system. Third, the plasma used for perfusion over 
immobiliZed Protein A has often been stored and treated in 
different Ways, also resulting in occasional inactivation of 
the system. Moreover, the substance(s) or factors respon 
sible for the anti-tumor effect of this extremely complex 
perfusion system have not been previously de?ned. The 
system contained an enormous number of biologically active 
materials, including the Protein A itself, Staphylococcal 
proteases, nucleases, exotoxins, enterotoxins and leukoci 
din, as Well as the solid support and coating materials. In 
addition, several anaphylatoxins Were generated in plasma 
after contact With immobiliZed Protein A. Finally, it Was 
speculated that the biological activity of the system Was due 
to the removal from the plasma by the Protein A of immu 
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nosuppressive immune complexes that otherWise inhibit the 
patient’s antitumor immune response. 

[0008] The Staphylococcal enterotoxins that contaminate 
the Protein A columns are a family of extracellular products 
of Staphylococcal aureus that belong to a Well recogniZed 
group of proteins that have common physical and chemical 
properties. The enterotoxins produce a number of charac 
teristic effects in humans and animals, such as emesis, 
hypotension, fever, chills, and shock in primates and 
enhancement of gram negative endotoxic lethality in rabbits. 
At least some of these effects are due to the ability of these 
proteins to act as extremely potent T cell mitogens. 

[0009] Staphylococcal enterotoxins are representative of a 
family of molecules knoWn as SAgs Which are the most 
poWerful T cell mitogens knoWn. They are capable of 
activating 5 to 30% or the total T cell population compared 
to 0.01% for conventional antigens. Moreover, the entero 
toxins elicit strong polyclonal proliferation at concentrations 
103-fold loWer than conventional T cell mitogens. The most 
potent enterotoxin, Staphylococcal enterotoxinA(SEA), has 
been shoWn to stimulate DNA synthesis in human T cells at 
concentrations of as loW as 10'13 to 10_16M. Enterotoxin 
activated T cells produce a variety of cytokines, including 
IFN, various interleukins and TNF. Enterotoxins stimulate 
several other cell populations involved in innate and adap 
tive immunity Which also play a major role in anti-tumor 
immunity, For example, enterotoxins engage the variable 
region of the TCR chain on exposed face of the pleated sheet 
and the sides of the MHC class II molecule. 

[0010] The SAg is capable of augmenting the TH-1 cytok 
ine response by CD4+ cells r While also activating NKT and 
NK cells. NK cell cytotoxicity is augmented by IFN pro 
duced by SAg activated T cells. NKT cells are knoWn to be 
activated by SAgs, peptides, -galactosylceramides and 
lipoarabinomannans presented on CD1 receptors. Evidence 
points to an invariant lectin like recognition unit on the NKT 
cell chain as a speci?c ligand for galactosylceramide deter 
minants on tumor cells. SAgs induce tumor killing in vivo 
When given alone or conjugated to tumor associated anti 
bodies. They are also effective When employed ex vivo to 
produce tumor sensitiZed T cells for the adoptive therapy of 
MCA 205/207 tumors. SAg transfected tumor cells have 
shoWn a capacity to reduce metastatic disease in a murine 
mammary carcinoma model. 

[0011] In addition to these common biological activities, 
the Staphylococcal enterotoxins share common physico 
chemical properties. They are heat stable, trypsin resistant, 
and soluble in Water and salt solutions. Furthermore, the 
Staphylococcal enterotoxins have similar sedimentation 
coef?cients, diffusion constants, partial speci?c volumes, 
isoelectric points, and extinction coef?cients. The Staphy 
lococcal enterotoxins have been divided into ?ve serological 
types designated SEA, Staphylococcal enterotoxin B (SEB), 
Staphylococcal enterotoxin C (SEC), Staphylococcal 
enterotoxin D (SED), and Staphylococcal enterotoxin E 
(SEE), Which exhibit striking structural similarities. The 
enterotoxins are composed of a single polypeptide chain of 
about 30 kilodaltons (kD). All staphylococcal enterotoxins 
have a characteristic disul?de loop near the middle of the 
molecule. SEA is a ?at monomer consisting or 233 amino 
acid residues divided into tWo domains. Domain I comprises 
residues 31-116 and domain II of residues 117-233 together 
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With the amino tail 1-30. In addition, the biologically active 
regions of the proteins are conserved and shoW a high degree 
of homology. One region of striking amino acid sequence 
homology betWeen SEA, SEB, SEC, SED, and SEE is 
located immediately doWnstream (toWard the carboxy ter 
minus) from the cysteine located at residue 106 in SEA. This 
region is thought to be responsible for T cell activation. A 
second homologous region that begins at residue 147 and 
extends doWnstream is highly conserved. This region is 
believed to mediate emetic activity. The region related to 
emetic activity can be omitted from enterotoxins used as 
therapeutics. 
[0012] A sequence analysis of the Staphylococcal entero 
toxins With other toxins has revealed SEA, SEB, SEC, SED, 
Staphylococcal toxic shock-associated toxin (TSST-1 also 
knoWn as SEF), and the Streptococcal exotoxins share 
considerable nucleic acid and amino acid sequence homol 
ogy. The enterotoxins belong to a common generic group of 
proteins thought to be evolutionarily related. 

[0013] Enterotoxins bind to MHC Class II molecules and 
the T cell receptor (“TCR”) in a manner quite distinct from 
conventional antigens. Enterotoxins engage the variable 
region of the TCR III chain on an exposed face of the III 
pleated sheet and the sides of the MHC Class II molecule, 
rather than engaging the groove of the Class II molecule like 
conventional antigens. In contrast to SEB and the SEC, 
Which have only the capacity to bind to the MHC class II 0t 
chain, SEA, as Well as SEE and SED, in a Zinc dependent 
manner, also interacts With the MHC class II III chain. T cell 
recognition is based on the presence of the III chain and is 
therefore independent of other TCR components and diver 
sity elements. Single amino acid positions and regions 
important for SAg-TCR interactions have been de?ned. 
These residues are located in the vicinity of the shalloW 
cavity formed betWeen the tWo domains. The alanine sub 
stitution of amino acid residue Asn23 in SEB has demon 
strated the importance of this residue in SEB/T CR interac 
tion. This particular residue is conserved among all of the 
Staphylococcal enterotoxins and may constitute a common 
anchor position for enterotoxin interaction With TCR VIII 
chains. Amino acid residues in positions 60-64 have also 
been shoWn to contribute to the TCR interaction as do the 
cysteine residues forming the intermolecular disul?de 
bridge of SEA. For SEC2 and SEC3, the key points of 
interaction in the VIII chain are located in the CDR1, CDR2 
and HRV4 TCR VIII-3 chain. Hence, multiple and highly 
variable parts of the VIII chain contribute to the formation of 
the enterotoxin binding site on the TCR. Thus far, a single 
and linear consensus motif in the TCR VIII displaying a high 
af?nity interaction With particular enterotoxins has not been 
identi?ed. A signi?cant contribution of the TCR 0t chain in 
enterotoxin-TCR recognition is acknoWledged as Well as 
MHC class II isotypes. This distinctive binding mechanism 
of enterotoxins Which bypasses the highly variable parts of 
the MHC class II and TCR molecules alloWs them to 
activate a high frequency or T cells With massive lymphop 
roliferation, cytokine induction and cytotoxic T cell genera 
tion. These properties are shared by other proteins made by 
infectious agents. Together, these proteins form a Well 
recogniZed group knoWn as SAgs. 

[0014] There are tWo general classes of SAgs. The ?rst 
includes minor lymphocyte stimulating (MLS) antigens. The 
second class of SAgs includes mycoplasmal, viral, and 
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bacterial proteins such as the Staphylococcal enterotoxins. 
Streptococcal exotoxins. All SAgs have the folloWing prop 
erties. T cell activation does not require antigen processing. 
There is no MHC restriction of responding T cells. SAgs 
bind to and evoke responses from all T cells expressing V 
receptors, Without requiring other TCR or diversity ele 
ments. CD4-CD8-ot/El T cells and y/o T cells are also 
capable of responding to SAgs. The SAgs induce a bio 
chemically distinct T cell activation pathWay. Thus, SAgs 
interact With and activate a much larger proportion of T cells 
than conventional antigens, causing massive lymphoprolif 
eration, cytotoxic T cell generation, and cytokine secretion. 
A given SAg can activate up to 30% of resting T cells 
compared to 0.01% for conventional antigens. As highly 
representative members of this family of SAgs, the entero 
toxins share these characteristics. 

[0015] The present invention features the use of SAgs in 
association With molecules to produce tumor killing effects. 
The SAgs are useful in peptide form and may combine With 
another peptide or nucleic acid to form a conjugate. The 
effect of the combined molecules is synergistic. These 
conjugates are useful When administered as a preventative or 
therapeutic antitumor vaccine in tumor bearing patients. 
Alternatively, they may be used ex vivo to load an antigen 
presenting cell as a means of immuniZing a T or NKT cell 
population for use in adoptive therapy of cancer. Examples 
of such conjugates are complexes betWeen: SAg and gly 
cosylceramide; SAg and apolipoproteins (Lp(a)), SAg and 
oxyLDL, SAg and verotoxins, SAg and GPI-ceramide (With 
phytosphingosine backbone), SAg and lipopolysaccharide 
(LPS), SAg and peptidoglycan, SAg and mannan proteogly 
can, SAg and muramic acid, SAg and tumor peptides. Also 
intended are SAg and Gal conjugates and glycosylated 
SAgs. 

[0016] The present invention features the use of SAg in 
association or conjugated to oxidiZed loW density lipopro 
teins (oxyLDL) and apolipoproteins (e.g., lipoprotein (a) 
(Lp(a)). OxyLDL and its byproducts bind to receptors on 
sinusoidal endothelial cells in the tumor microcirculation 
Where they induce apoptosis, increase levels of tissue factor 
and activated thrombin, upregulate achesion molecules and 
produce a prothrombotic state. Lp(a) is densely deposited in 
tumor microcirculation and as a competitive inhibitor of 
plasminogen is prothrombotic. Hence, both apolipoproteins 
and oxyLDL not only home to receptors on the tumor 
microcirculation but they also induce endothelial cell or 
macrophage apoptosis as Well as a prothrombotic state. 
These local effects are ampli?ed by the presence of the 
conjugated superantigen Which induce a localiZed T cell 
immune and in?ammatory response collectively resulting in 
a potent anti-tumor response. 

[0017] The present invention also features the use of the 
SAg in association or conjugated to verotoxins. The latter 
molecules have the capacity to bind to galactosylceramide 
receptors on tumor cells and induce apoptosis. Hence, the 
tumor targeting and apoptosis inducing functions of the 
verotoxin are coupled With the T cell immune and in?am 
matory response induced by the SAgs to produce a potent 
and Well localiZed anti-tumor response. 

[0018] The present invention features the use of SAgs in 
association or conjugated to mono or digalactosylceramides. 
The latter have been isolated from marine sponge Aegelus 
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mauritanius and is expressed in certain bacteria such as 
Sphingomonas paucimobilis. They have been shown to 
activate NKT cells and to induce anti-tumor effects in vivo 
against several types of tumors. The activation of NKT cells 
in the presence of the mono and digalactosylceramides 
appears to be IL-12 dependent. The biological activity of the 
-galactosylceramides is observed in both mono and digalac 
tosylceramide forms and is dependent upon the presence of 
an anomeric con?guration on the terminal galactose. The 
lengths of the sphingosine base and fatty acyl chains of 23 
and 15 respectively also appear to be optimal for production 
of the anti-tumor effects. 

[0019] SAgs are knoWn to be the most poWerful T cell 
mitogens knoWn and have been shoWn to produce anti 
tumor effects in several animal models. The -galactosylce 
ramides are knoWn to be potent inducers of NKT cell 
activation Which have been shoWn to produce an anti-tumor 
effect in an IL-12 dependent manner. In the present inven 
tion SAgs are combined With -galactosylceramides bio 
chemically as conjugates and genetically Within a cell Which 
expresses the neWly synthesiZed protein-bound galactosyl 
ceramide on the cell surface. The neWly synthesiZed conju 
gates in native form or expressed in or on the cell produce 
a synergistic anti-tumor effect due to the activation of T cells 
and NKT cell populations. 

[0020] Furthermore, in the present invention the SAg- 
galactosylceramides are expressed in tumor cells, dendritic 
cells (“DC”) or a hybrid cell made by fusing a tumor cell and 
a DC. The use of DCs or DC/tumor cell hybrids (DC/tc) to 
present the SAg-galactosylceramides fusion constructs or 
conjugates provides the optimal costimulation for activation 
of a tumor speci?c T cell population. The use of a tumor cell 
or a DC/tc provides in addition to costimulation, expression 
of the tumor antigen itself to activate anti-tumor T and NKT 
cell clones Which are tumor speci?c. Hence, an optimal cell 
is a DC/tc Which expresses SAg and SAg-anomeric galac 
tosylceramides. 
[0021] The SAg--galactosylceramide conjugates are use 
ful in the present invention. HoWever, there are distinct 
differences and advantages to producing and expressing the 
SAg-galactosylceramide conjugates Within a cell. First, ?nal 
products are quite different. One involves the enterotoxin- 
galactosylceramide in free form Whereas the other involves 
cell associatedenterotoxin-galactosylceramide Which 
includes enterotoxin nucleic acids and peptides. In the cell 
both enterotoxins and -galactosylceramides are associated 
With numerous intracellular and membrane structures such 
as MHC, costimulatory and adhesion molecules, heat shock 
proteins, membrane glycolipids and glycosphingolipids. 
Which may improve immunogenicity and antigen presenta 
tion. They may also be transported in various vesicles and 
exosomes Which may provide additional immunogenicity. 
With the addition of appropriate signals sequences and 
association With molecules involved in the antigen present 
ing pathWays such as the invariant chain, TAP and LAMP 
molecules the conjugates may be routed in the cell to the 
MHC class I, class II or CD1 receptor. Therefore, entero 
toxin and -galactosylceramides produced Within a cell is 
presented to the host’s immune system in an entirely dif 
ferent form compared to the puri?ed enterotoxin polypep 
tide. 

[0022] Unlike free enterotoxin polypeptide or -galactosyl 
ceramide, SAg transfected tumor cells, DCs or DC/tc 
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present enterotoxins to the T cell system in association and 
or conjugated to tumor associated antigens including 
mutated normal structures or fusion structures, costimula 
tory and adhesion molecules. Indeed, the coadministration 
of SAg With tumor antigen Would be expected to produce a 
heightened response to the tumor antigens While preventing 
the clonal deletion Which occurs With SAg alone. Liu et al., 
Proc. Natl. Acad. Sci., 88: 8705-8709, (1991); McCormack 
et al., Proc. Natl. Acad. Sci., 91: 2086-2090, (1994); Cop 
pola et al., Int. Immunol., 9: 1393-403, (1997). Hence, the 
coadministration of SAg-galactosylceramide and tumor 
associated antigens Would induce a predictably heightened 
tumor speci?c response by the host. This prediction Was 
borne out by the Applicant’s Work shoWing that SAg trans 
fection of tumor cells abolished the tumorigenicity of 4T1 
mammary carcinoma cells, signi?cantly reduced the number 
of established metastases and prolonged survival compared 
to untreated controls. (Pulaski, Terman, et al., American 
Association of Cancer Research, April 1999 and submitted 
to Proc. Natl. Acad. Sci, 1999). 

[0023] SAg transfected tumor cells in vivo are effective in 
an additional manner Which does not apply to SAg polypep 
tide. Ingestion of apoptotic cells by DCs augments the 
immunogenicity of tumor cells. Fields et al., Proc. Natl. 
Acad. Sci., 95: 9882-9887, (1998); Albert et al., Nature, 392: 
86-89, (1998). DCs are acknowledged as the premier acces 
sory cell for antigen presentation. They have been shoWn to 
ingest apoptotic cells and nucleic acids and process them for 
presentation to host T cells in the context of costimulation, 
adhesion and MHC molecules. Akbari et al., J. Exp. Med., 
189: 169-177, (1999). Therefore, folloWing apoptosis of 
SAg transfected tumor cells and ingestion by DCs, SAg 
encoding nucleic acid as Well as tumor associated nucleic 
acids in the transfected cells Would produce additional 
anti-tumor responses. Puri?ed polypeptide enterotoxins do 
not share With the SAg transfectants this property of 
enhanced immunogenicity folloWing ingestion and process 
ing by DCs. 

[0024] There are enormous structural and functional dif 
ferences betWeen the polypeptide enterotoxin and SAg 
transfected tumor cells. The starting materials are different 
i.e. peptides vs nucleic acids and the product is different i.e. 
polypeptide vs enterotoxin transfected cell in Which the SAg 
is may exist in nucleic acid and peptide form associated With 
a vast number of intracellular and membrane structures. 
Some of these structures may actually improve the T cell 
activating function of SAgs such as deoxyribonucleic acids, 
ribonucleic acids, tumor associated antigens, heat shock 
proteins, costimulatory molecules and adhesion molecules 
and endosomes. Cellular SAg peptides or nucleotides exist 
in association With tumor associated antigens, costimulants, 
adhesion molecules, heat shock proteins and MHC mol 
ecules, GPI-ceramides or SAg receptors (digalactosylcera 
mides) Which improve the immunogenicity of the tumor 
antigens. Therefore, these structural and functional differ 
ences betWeen the polypeptide SAg and the enterotoxin 
transfected tumor cells clearly shoW that SAg transfected 
tumor cells have a far greater potential than the polypeptide 
to induce a tumor speci?c response. 

[0025] Moreover, SAg transfected tumor cells possess an 
additional unique property not shared by the polypeptide 
SAg. SAg-transfected tumor cells display the metastatic 
phenotype of the tumor cells Which enables them to coloniZe 
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and traf?c to metastatic sites in vivo. Once localized to 
micrometastatic sites the transfectants expressing SAg 
induce a potent tumor speci?c T cell response. In contrast, 
the puri?ed polypeptide SAg unassociated With a tumor cell 
Would have no capacity Whatsoever to coloniZe metastatic 
sites. 

[0026] The present invention also provides SAg-encoding 
nucleic acid, preferably DNA, fused With (or cotransfected 
With ) a nucleic acid encoding another molecule. The 
transfected cells include tumor cells, accessory cells e.g., 
DCs, tumor cell/accessory cell (e.g., DC) hybrids. The 
expression of molecules in addition to enterotoxins by these 
cells serves the following functions: 

[0027] 1) enhance the immunogenicity of the SAg trans 
fected cell by providing nucleic acids encoding an additional 
potent immunogen. Examples Would include tumor associ 
ated antigens or mutated normal antigen or fusion peptides 
in tumor cells, an immunogenic bacterial product such as 
Staphylococcal adhesin protein A, LPS, III-glucans, and 
peptidoglycans, costimulatory and adhesion molecules, heat 
shock protein, groWth factor receptors such as Her/neu and 
tumor markers such as PSA. 

[0028] 2) assist in tumor killing activity by the SAg 
transfected cell When localiZed to tumor sites. by providing 
nucleic acids encoding the folloWing: angiogenesis antago 
nists, chemoattractants such as C5a, chemokines such as 
RAN TES, hyaluronidase and coagulase and CD44 isoforms. 

[0029] 3) increase the binding of immunogenic substances 
to the surface of the SAg transfected cell by providing 
nucleic acids encoding the folloWing: CD1 receptors, CD14 
receptors, SAg receptors 

[0030] 4) increase the production of SAg in the SAg 
transfected cell by providing nucleic acids encoding the 
folloWing: cell cycle proteins, ampli?ed oncogenes, and 
signal transduction molecules. 

[0031] 5) assist in trafficking of SAg to class I or class II 
pathWay in the SAg transfected cell by providing nucleic 
acid encoding the folloWing: the invariant chain, the 
LAMP1 proteins and TAP proteins. 

[0032] 6) induction of a local tumoricidal response by 
intratumoral injection of nucleic acids encoding the folloW 
ing: oxyLDL receptor and SAg receptor, chemoattractants, 
chemokines. 

SUMMARY OF THE INVENTION 

[0033] The present invention comprises a method for 
treating cancer in a host comprising providing conjugates, 
fusion proteins or naked nucleic acids of superantigen and 
additonal molecule(s) Which produce an tumoricidal 
response. The addtional molecule serves the folloWing func 
tions: 1) to target a receptor (digalactosylceramide) 
expressed on tumor cells in vivo and induce tumor cell 
apoptosis e.g., SAg-verotoxin conjugates. 2) to target recep 
tors expressed on tumor sinusoidal endothelium, induce 
apoptosis and a prothrombotic state eg SAg-oxyLDL con 
jugates and SAg-Lp(a) conjugates 3) to activate a dormant 
population of tumoricidal NKT cells e.g. SAg-digalactosyl 
ceramides, SAg-GPI-digalactosylceramide (phytosphin 
gosine) complexes. 4) target receptors for integrins 
expressed on tumor microvasculature e.g., SAg-RGD con 
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jugates. 5) naked DNA administered intratumorally induces 
tumor cell expresson in vivo of receptors for ligands Which 
produce apoptosis and in?ammation e.g, naked DNA SAg 
oxyLDL receptor, SAg-LOX-1 receptor, SAg-SREC recep 
tor.. 

[0034] Sickled erythrocytes are useful in the present 
invention since they have natural ligands for integrins 
expressed on tumor neovasculature Which facilitates their 
targeting to the tumor endothelium. Sickled erythrocyte 
membranes acquire oxyLDL using fusigenic techniques 
With oxyLDL containing liposomes and apoproteins via 
gene transfection in the nucleated pre-reticulocyte phase. 
The oxyLDL and apoproteins expressed by the sickled cells 
facilitates targeting to oxyLDL, LOX-1 and SREC receptors 
present on the tumor microvasculature. These erythrocytes 
are also useful for carrying nucleic acids for transfection of 
the tumor endothelial cells in vivo. Vesicles derived from 
sickled erythrocytes are more rigid, prothrombotic and tar 
get the tumor microvascularture more effectively than the 
parent cell. They also carry oxyLDL to receptors on tumor 
endothelium. LikeWise, vesicles, exosomes or SAg-GPI 
digalctosylceramides shed from from SAg transfected tumor 
cells are capable of inducing potent tumoricidal responses 
and are useful in the present invention. 

[0035] In addition, bacterial expression systems are useful 
for the expression of SAg in association With other anti 
tumor molecules. The yeast sec mutant is used to produce a 
SAg-ceramide conjugate in Which the sphingosine portion of 
the ceramide is a phytosphingosine. Sphingomonas pauci 
mobilis Which naturally expresses ot-galactosylceramide is 
transfected With SAg nucleic acids Which results in the 
shedding of SAg-ot-galactosylceramide complexes. 

[0036] The present invention comprises a method for 
treating cancer in a host comprising providing cells trans 
fected With a gene that express and/or secretes a SAg or T 
cells activated by the transfected cells to the host. The cells 
are transfected in vivo or in vitro. SAgs may activate T cells 
or NKT cells in the host. These same transfectants may be 
used to stimulate a population of T cells or NKT cells ex 
vivo Which are provided to the host as tumor speci?c effector 
cells in adoptive immunotherapy. The transfected cells may 
be, for example, tumor cells accessory cells, DCs muscle 
cells, immunocytes, ?broblasts. When transfected in vitro 
the cells can be xenogeneic to the host, from the same 
species as the host or host cells. 

[0037] For in vivo immuniZation, tumor cells are trans 
fected With nucleic acids encoding SAgs together With a 
carbohydrate modifying enZyme such as galactosyl trans 
ferase to produce the Gal epitope, Staphylococcal hyalu 
ronidase, Streptococcal capsular polysaccharide, Staphylo 
coccal erythrogenic toxin, Staphylococcal Protein A, 
Staphylococcal III hemolysin, Staphylococcal coagulase, 
costimulants such as B7-1 and B7.2, chemoattractants and 
chemokines. SAgs are also cotransfected into tumor cells 
With gene clusters encoding the biosynthesis of highly 
immunogenic microbial Lipid A, membrane or capsular 
polysaccharides, lipoproteins and peptidoglycans. Nucleic 
acids are useful When transfected alone. HoWever combina 
tions are preferred. The cotransfection into tumor cells of the 
SAg-encoding nucleic acid together With the nucleic acids 
encoding Gal or GalCer biosynthesis is particularly useful. 
The cotransfection into tumor cells of the nucleic acid 
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encoding SAg With nucleic acids encoding Staphylococcal 
erythrogenic toxins and hyaluronidase alloWs the transfected 
tumor cells to simulate the in vivo in?ammatory activity of 
a Staphylococcus or leukocyte or macrophage by secreting 
enZymes and toxins Which induce a sterile cellulitis in tumor 
sites. 

[0038] Further provided are tumor cells transfected With 
nucleic acid encoding structures such as the erb/Neu gene 
Which upon administration to the host promotes tumor cell 
traf?cking and coloniZation of micrometastatic sites. Ampli 
?ed oncogenes linked to SAg nucleic acids provide the locus 
and energy for expression or overexpression of both gene 
products. Thus, provided herein are tumor cells transfected 
With SAg-encoding nucleic acid together With nucleic acid 
encoding other oncogenes, ampli?ed oncogenes and tran 
scription factors, angiogenic factors such as angiostatin, 
angiogenesis receptors such as VEGF, tumor groWth factors, 
tumor suppressors, cell cycle proteins and key proteins 
engaged in the antigen routing and processing pathWay. In 
one example, the microbial SAg and erb/Neu nucleic acids 
are cotransfected into tumor cells. These nucleic acids may 
also linked to an inducible gene such as that encoding 
metallothionein or corticosteroid receptors. In this Way, the 
cells are activated by exogenous delivery of corticosteroids 
or a heavy metal only after a suitable period of time has 
lapsed to alloW them to localiZe in metastatic sites in vivo 

[0039] Tumor cell transfectants are also useful ex vivo to 
immuniZe a T cell or NKT cell population producing tumor 
speci?c effector cell population for adoptive immunotherapy 
of cancer. These immuniZing tumor cells are transfected 
With nucleic acids encoding SAgs and the SAg receptor. The 
latter transfectants are capable of binding exogenous SAg 
for presentation to a T cell population. In addition, tumor 
cells are transfected With nucleic acids encoding CD1 recep 
tors Which are capable of binding exogenous glycosylcera 
mides and lipoarabinans free or bound to SAgs for presen 
tations to T or NKT cells. Similarly, tumor cells are 
transfected With nucleic acids encoding the CD14 receptor 
Which bind exogenous peptidoglycans and LPS’s, free or 
bound to SAgs for presentation to T cells. 

[0040] LikeWise, the nucleic acids encoding the mannose 
receptor are transfected into tumor cells Which are capable 
of binding a broad range of glycosylated SAgs for presen 
tation to T cells. The present invention provides detailed 
methods for preparation of the SAg-glycosylceramide, SAg 
LPS, SAg-peptidoglycan complexes as Well as glycosylated 
SAgs Which are loaded onto their respective receptors 
expressed on tumor cells, accessory cells and, in some 
instances, immunocytes. For ex vivo use, any prokaryotic or 
eukaryotic cell may be used Which is transfectable With 
nucleic acid encoding SAgs to provide surface expression of 
the SAg or constructs expressed on tumor, accessory cell or 
immunocyte transfectants. When the transfected cells are 
not host tumor cells, the cells additionally express a tumor 
associated antigen expected to be present on the host’s 
cancer cells. 

[0041] Also provided is a tumor speci?c T cell or NKT cell 
population Which is activated by SAgs or the tumor cell 
transfectants above to produce a population of tumor spe 
ci?c effector cells useful in adoptive immunotherapy. After 
ex vivo stimulation, the T cells or NKT cells used for 
adoptive immunotherapy should preferentially express 
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CD44 Which indicates that they are capable of trafficking 
and homing to tumor sites. Additionally, the T cell popula 
tion used for ex vivo immuniZation is engineered to over 
express the TCR variable VIII and invariant V0. sites speci?c 
for SAg and glycosylceramide binding respectively and to 
produce IFN by exogenous delivery of corticosteroids or a 
heavy metal. A particularly useful population of therapeutic 
tumor speci?c effector T cells or NKT cells Which demon 
strates overexpressed CD44 together With VIII variable and 
V0. invariant regions and high IFN production. Also pro 
vided are methods for reactivating anergic T cells in cancer 
patients by transfecting nucleic acids encoding the SAg 
receptors to produce a T cell population Which may noW be 
stimulated With exogenous SAgs. 

[0042] Compositions Which mimic SAgs are used in place 
of native SAgs for in vivo administration in order to cir 
cumvent the problem of naturally occurring SAg-speci?c 
antibodies. The SAg mimics are largely comprised of nucle 
otides or oligonucleotide-peptide chimeric constructs Which 
are speci?c for tumor cells expressing SAg receptors (via the 
nucleotide) While retaining their SAg speci?city for the TCR 
(via the peptide). The class II binding site of the SAg may 
optionally be eliminated or mutated to minimiZe SAg pep 
tide binding to MHC class II receptors in vivo. The molecule 
may be composed entirely of nucleotides for Which there are 
no naturally occurring antibodies. In addition, carriers are 
provided for in vivo transfection of tumors by nucleic acids 
encoding SAgs or other nucleic acid constructs given in 
Table I. Phage displayed tumor neovasculature ligands may 
also carry nucleic acids encoding SAgs or other constructs. 

[0043] The constructs and method are used to treat any 
solid tumor such as carcinoma, melanoma and sarcoma or 
cancer of hemopoietic origin, such as lymphomas and leu 
kemias Which may or may not form solid tumors. 

[0044] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art of this 
invention. Although methods and materials similar or 
equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples 
are illustrative only and not intended to be limiting. Other 
features and advantages of the invention Will be apparent 
from the folloWing detailed description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIG. 1. Schematic diagram of the cloning of the 
SEB gene into the pH[3=Apr1-neo vector. The coding region 
of the SEB gene Was ampli?ed With PCR primers. The 
upstream primer (SEB 1) has a SalI site at its S‘end and the 
doWnstream primer (SEB2), a BamHI site. Both the pHb 
Apr1-neo vector and the ampli?ed SEB insert Were digested 
With SalI and BamHI, ligated and transformed into XL1 
Blue competent cells. The ?nal construct Was veri?ed by 
restriction enZyme and sequence analyses. 
[0046] FIG. 2. Cloning of the SEB gene into the i neo 
vector. Clones 1-5 contained the SEB insert (coding region 
801 bp) and the ILA neo vector (10 kb). All DNA Was 
digested With SalI and BamHI and electrophoresed on a 1% 
agarose gel in 1><TAE buffer. 
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[0047] FIG. 3. Alignment of the published SEB coding 
sequence (SEQ ID NO:1) and the newly constructed SEB 
gene (SEQ ID NO:2) in e neo vector (Clone #2). Clone #2 
was sequenced with 4 primers: SEB1, 2, 3, and 4. SEB1 and 
2 (SEQ ID NOSz3-4) are the PCR primers that were used for 
the ampli?cation of the SEB gene. SEB 3 (TAT 
GAAAGTTTTGTATGATGAT) (SEQ ID N015) and SEB 4 
(SEQ ID N016) (AGTGACGAGTTAGGTAAT CT) are 
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internal primers. The ?nal sequence was con?rmed by the 
multiple overlapping of sequences and aligned with the 
published SEB sequence. It is a perfect match. The start 
codon (ATG) and the stop codon (TGA) are underlined. The 
upstream and the downstream sequences are the human 
III-actin promoter and the SV40 polyA sequences in the 
pH[3"‘-Apr1 neo vector with the addition of SalI and BamHI 
restriction enzyme sites. 

TABLE I 

Therapeutic Constructs And Preferred Conditions Of Use 

I. CELLS: Tumor Cells, DCs or DC/Turnor Cell Hybrids (DC/tc) 
USE: In vivo and Ex vivo 
PURPOSE 
A. In Vivo Preventative or Therapeutic Vaccine (Established Tumor) 

Accomplish by transfecting or co-transfecting with nucleic acid encoding 
superantigen plus one or more of the following: 

1. 
. Enzyme that modi?es carbohydrate to induce Gal or GalCer 

23. 

Superantigens 

epitope expression 
. Functional hyaluronidase from microbial or human sources 

. Staphylococcal or streptococcal erythrogenic toxin 

. Staphylococcal protein a or a domain thereof 

Staphylococcal hemolysin and functional microbial toxins 
. Functional microbial or human coagulase 

. Costimulatory protein 

. Chemoattractants 

. Chemokines 

. Nucleic acids encoding biosynthesis of lipopolysaccharides 

. Nucleic acids encoding biosynthesis of glycosylceramides 

. Nucleic acids encoding biosynthesis of microbial membrane or 
capsular lipoproteins and polysaccharides 

. Oncogenes, ampli?ed oncogenes and transcription factors 

. Angiogenic factors and receptors 

. Tumor growth factor receptors 

. Tumor suppressor receptors 

. Cell cycle proteins 

. Heat-shock proteins, ATPases and G proteins 

. Proteins engaged in antigen processing, sorting and intracellular 

. Inducible nitric oxide synthase (iNOS) 

. apolipoproteins (e,g,. Lp(a)) transfected into tumor cells & sickled 
erythrocytes used for targeting tumor microvasculature 
LDL and oxyLDL receptors (e.g., SCEP receptor) transfected into 
tumor cells and sickled erythrocytes & used for targeting to tumor 
microvasculature 

. Ex Vivo Immunization of T and/or NKT cells to Produce Tumor Speci?c 
Effector Cells (for Adoptive Immunotherapy)* 
Accomplish by transfecting or co-transfecting tumor or accessory cells 
with nucleic acid encoding the following, or (ii) providing immobilized 
molecules or receptors that present the following: 

1. 
2. 

3. 

4. 

5. 
6. 
7. 

Superantigen 
Superantigen receptor and transcription factor with bound 
superantigen 
CD1 receptor binding and/or expressing superantigen-glycosyl 
ceramide complex 
CD14 receptor binding or expressing superantigen 
lipopolysaccharide or superantigen-peptidoglycan complex 
Mannose receptor binding glycosylated superantigen 
Glycophorin receptor 
Superantigen-tumor peptide(s) complex on MHC or CD1-bearing 
APC in soluble or immobilized form 

C. Therapeutic Molecules or Complex Applied to Transfected or 
Untransfected Tumor cells or Accessory Cells; or MHC class I, class II, 
CD1, Superantigen receptor or CD14 receptor: 

1. 
2. 
3. 

Superantigen (wherein cell may express Gal) 
Glycosylated superantigen 
Superantigen complex with 

. glycosyl ceramide 

. lipopolysaccharide 

. peptidoglycan 

. mannan proteoglycan 

. muramic acid 

. tumor peptide 
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TABLE I-continued 

Therapeutic Constructs And Preferred Conditions Of Use 

g. glycosylceramides With terminal Gal(0t1—4)Gal 
e.g. globotriosylceramide and galabiosylceramide 

h. Conjugates of SAg-(GbZ or Gb3 or Gb4) 
i. Conjugates of SAg-(GbZ or Gb3 or Gb4)-CD1 
j. GPI anchored conjugates: SAg-GPI-(GbZ or Gb3 or Gb4) 
l. GPI anchored conjugates: SAg-GPI-(GbZ or Gb3 or Gb4)— 
CD1 

m. Conjugates of SAg polypeptide or nucleic acid With VerotoXin 
. Conjugates of SAg Polypeptide or nucleic acid With VerotoXin 
A or B subunit 

0. Conjugates of SAg polypeptide or nucleic acid With IFNOL 
receptor peptides homologous to verotoXin 

p. Conjugates of SAg polypeptide or nucleic acid With CD19 
peptides homologous to verotoXin 

q. Conjugates of SAg polypeptide or nucleic acid With Arg-Gly 
Asp or Asn-Gly-Arg 
Conjugates of SAg polypeptide or nucleic acid With 
LDL, VLDL, HDL 

s. Conjugates of SAg polypeptide or nucleic acid 
With Apolipoproteins (e.g., Lp(a), apoB-100, apoB-48, apoE) 

. Conjugates of SAg polypeptide or nucleic acid With oXyLDL, 
oXyLDL mimics, (e.g., 7|:I-hydroperoXycholesterol, 
7|:I-hydroxycholesterol, 7-ketocholesterol, 
5(1-6a-epoxycholesterol, 
7EI-hydroperoxy-choles—5—en-3b-ol, 4-hydroxynonenal (4 
HNE), 9-HODE, 13-HODE and cholesterol-9-HODE) 

u. Conjugates of SAg polypeptide or nucleic acid With oXyLDL 
by products (eg lysolecithin, lysophosphatidylcholine, 
malondialdehyde, 4-hydroxynonenal) 

v. LDL & oXyLDL receptors (e.g., LDL oXyLDL, acetyl-LDL, 
VLDL, LRP, CD36, SREC, LOX-1, macrophage scavenger 
receptors) as polypeptide or nucleic acid alone or With SAg 
polypeptide or nucleic acid intratumorally 

II. CELLS: Specialized Tumor Speci?c Effector Cells (T and/or NKT Cells) 
USE: Adoptive Immunotherapy In Vivo 
PURPOSE: 
A. CD44 Expression on T cells or NKT 

Accomplished by: Superantigen stimulation; and/or (ii) transfection 
With nucleic acid encoding CD44 and/or (iii) transfection With nucleic acid 
encoding glycosyltransferase 

B. Chimeric TCR With: 
Invariant a chain site for binding GalCer and 
V?uchain site for binding superantigen 

C. Dual TCR VEI chains With sites for superantigen binding 
D. T cells or NKT cells With overeXpressed V[5Nregion speci?c for a given 

5 

superantigen 
E. T cells or NKT cells With loWered signal transduction threshold 

III. MOLECULES: Superantigen mimics 
USE: In Vivo Administration 

A. Superantigen receptor-binding oligonucleotides 
B. Superantigen oligonucleotide-peptide conjugate 

Oligo nucleotide is speci?c for superantigen receptor on tumor 
cells 
Peptide has deleted class II binding site and intact TCR binding 
site 

C. Phage displayed integrin ligand on tumor neovasculature — carrier for 
superantigen-encoding nucleic acid. 

IV. CARRIERS: for nucleic acid encoding superantigen 
USE Transfection of Tumors In vivo 
A. Sickled erythrocytes that target tumor neovasculature 
B. Phage displayed tumor neovascular integrin and superantigen receptor 

carrying superantigen nucleic acids 
V. CARRIERS: constructed to co-eXpress superantigen conjugates or compleXes 

With: 
Glycosylceramide 
otGal 
Lipopolysaccharides 
Peptidoglycans 

USE Transfection of Tumor Cells and/or DCs and/or DC/tc’s — in vivo or eX 

vivo. 
A. Liposomes 
B. Proteosomes 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] The present invention provides methods and mate 
rials for treating cancer related to the polypepide or nucleic 
acid conjugates or fusions comprising SAg With other mol 
ecules that synergiZe or cooperate With SAg in the induction 
of an anti-tumor response. The present invention also pro 
vides materials and methods for treating cancer related to 
transfection of cells With nucleic acid that encode a SAg 
and/or another polypeptide. The cells can be transfected in 
vivo or in vitro. The expression of the SAg polypeptide 
activates host immunocytes, such as T or NKT cells. 

[0049] As used in this application, T cells are de?ned as 
any class of lymphocytes that undergo maturation and 
differentiation in the thymus. They include, but are not 
limited to NK cells, NKT cells and/T cells and may be 
knoWn as cytotoxic, helper or suppressor T cells or they may 
be de?ned by the expression or type of CD or TCR present. 
The same transfected nucleic acid molecule, or a separate 
nucleic acid molecule, can also encode another polypeptide 
such as an adhesion molecule, glycosyltransferase, glycosi 
dase, CD44, cytokine, tumor associated antigen, costimula 
tory molecule, and the like. In addition, cells transfected in 
vitro or ex vivo With any of these nucleic acids as Well as T 
cells activated by these transfected cells are administered 
directly to a cancer-bearing host. Cells transfected in vitro or 
ex vivo as Well as cells activated ex vivo may additionally 
express a tumor associated antigen expected to be present on 
host cancer cells. Further, cells transfected With nucleic acid 
that encodes a SAg polypeptide is also be used as a vaccine 
to immuniZe a host against a cancer previously present in the 
host or a cancer that is likely to develop in the host. For 
example, a host can be vaccinated against a particular cancer 
by administering tumor cells transfected With nucleic acid 
encoding a SAg. Alternatively, a SAg transfected cell is used 
to activate a host T cell population in vitro. This activated T 
cell population is then administered to a host as a cancer 
treatment (immunotherapeutic agent). Once activated ex 
vivo or in vivo, these T cells are expanded With cytokine 
treatment such as IL-2 treatment. 

[0050] Cells to be “transfected” include accessory cells, 
immunocytes, ?broblasts, or tumor cells. Accessory cells 
may include, Without limitation, endothelial cells, DCs, 
monocytes, macrophages as Well as B and T lymphocytes 
Which can play an “accessory” as Well as direct effector role 
in an immune response. When transfected in vitro, the cells 
can be xenogeneic, allogeneic to the host to provide, among 
other things, additional immunogenicity. Preferably, the 
transfected cells that are administered to a host, preferably 
a human, are syngeneic or autologous (or autochthonous). 

[0051] Cells transfected With nucleic acid encoding a SAg 
may also express a tumor associated antigen that is poten 
tially present on host cancer cells. For example, nucleic acid 
encoding a knoWn tumor antigen are transfected into the 
SAg-containing cell, or a tumor cell that endogenously 
contains many different tumor antigens are transfected With 
SAg-encoding nucleic acid. In the latter case, additional 
nucleic acids encoding other polypeptides are transfected 
into the tumor cell. For example, nucleic acid encoding a 
carbohydrate modifying enZyme such as otl,3-galactosyl 
transferase, adhesion molecule, costimulatory molecule 
such as B7-1 and B7-2, MHC class I molecule and/or MHC 
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class II molecule are cotransfected into tumor cells together 
With nucleic acid encoding a SAg. 

[0052] SAg-encoding nucleic acid can encode a mutant, 
variant, and/or modi?ed form of a SAg. These forms can be 
used to transfect T cells, alone or in combination With 
Wild-type SAg-encoding acid. In addition, tumor cells are 
provided With the capacity to coloniZe sites of metastases 
and the ability to locally hydrolyZe surrounding tumor 
ground substance and neovasculature by transfection of key 
bacterial Staphylococcal and Streptococcal enZymes, toxins 
and capsular polysaccharides Which confer upon the tumor 
cell additional tumor killing properties and immunogenicity. 
The transfected genes include staphylococcal hyaluronidase 
(tissue spreading factor), Staphylococcal erythrogenic toxin 
and Streptococcal capsular polysaccharide. The tumor cell 
may thus be capable of mimicking the tissue invasive and 
destructive properties of the Streptococcus and Staphylococ 
cus as they produce a sterile cellulitis localiZed to tumor 
sites. 

[0053] These methods are used to treat any solid tumor 
such as carcinoma, melanoma, and sarcoma, or cancers of 
hematopoietic origin such as leukemia and lymphomas. This 
invention also provides for T cells or NKT cells including 
y/oT cells Which after activation by SAgs in native or mutant 
form or transfected into tumor cells express surface pheno 
types Which enhance their ability to traf?c ef?ciently to 
tumor sites in vivo. Such phenotypes include CD44 and/or 
selective VIII expression. In response to these SAg stimu 
lants, the T cells produce TH1 cytokines and, in particular, 
IFNY and IL-2. 

[0054] Further, provided are methods of overcoming the T 
cell unresponsiveness of cancer patients by transfection of T 
cells from tumor bearing host With the nucleic acids encod 
ing the SAg receptor thus enabling these cells to be reacti 
vated by exogenous SAg and used for adoptive immuno 
therapy in the same cancer patient. Provided herein are SAg 
oligonucleotide and oligonucleotide-peptide compositions 
capable of targeting and delivering SAgs to tumor sites in 
vivo Without elimination by circulating naturally occurring 
SAg speci?c antibodies prevalent in the human cancer 
patients. Provided also are compositions and methods for 
delivery of therapeutic nucleic acid constructs to tumor sites 
in vivo using therapeutic genes carried by erythrocytes from 
patients With sickle cell anemia Which have the unique 
capability of adhering to sites on tumor neovasculature. 

[0055] 1. Cancer 

[0056] This invention is used to treat any type of cancer in 
a host at any stage of the disease. More particularly, the 
cancer is a solid tumor such as a carcinoma, melanoma, or 
sarcoma. This invention is used to treat cancers of hemopoi 
etic origin such as leukemia or lymphoma, that involve solid 
tumors. Ahost is any animal that develops cancer and has an 
immune system such as mammals. Thus, humans are con 
sidered hosts Within the scope of the invention. Since the 
invention provides SAg-transfected cells as a vaccine, a 
cancer is one that a host is likely to develop based on family 
history or other criteria. In this case, the host is one that is 
susceptible to cancer. 

[0057] 2. Nucleic Acid 

[0058] The term nucleic acid as used herein encompasses 
both RNA and DNA, including cDNA, genomic DNA, and 
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synthetic (e.g., chemically synthesized) DNA. The nucleic 
acid can be double-stranded or single-stranded. Where 
single-stranded, the nucleic acid can be the sense strand or 
the antisense strand. The term isolated nucleic acid means 
that the nucleic acid is not immediately contiguous With both 
of the sequences With Which it is immediately contiguous 
(one on the 5‘ end and one on the 3‘ end) in the naturally 
occurring genome of the organism from Which it is derived. 
For example, an isolated nucleic acid molecule can be, 
Without limitation, a recombinant DNA molecule of any 
length, provided nucleic acid sequences normally found 
immediately ?anking that recombinant DNA molecule in a 
naturally occurring genome are removed or absent. Thus, an 
isolated nucleic acid molecule includes, Without limitation, 
a recombinant DNA that exists as a separate molecule (e.g., 
a cDNA or a genomic DNA fragment produced by PCR or 
restriction endonuclease treatment) independent of other 
sequences as Well as recombinant DNA that is incorporated 
into a vector, an autonomously replicating plasmid, a virus 
(e.g., a retrovirus, adenovirus, or herpes virus), or into the 
genomic DNA of a prokaryote or eukaryote. In addition, an 
isolated nucleic acid can include a recombinant DNA mol 
ecule that is part of a hybrid or fusion nucleic acid sequence. 

[0059] Typically, regulatory elements are nucleic acid 
sequences that regulate the expression of other nucleic acid 
sequences at the level of transcription and/or translation. 
Thus, regulatory elements include, Without limitation, pro 
moters, operators, enhancers, ribosome binding sites, tran 
scription termination sequences (i.e., a polyadenylation sig 
nal), and the like. In addition, regulatory elements can be, 
Without limitation, synthetic DNA, genomic DNA, intron 
DNA, exon DNA, and naturally-occurring DNA as Well as 
non-naturally-occurring DNA. It is noted that isolated 
nucleic acid molecules containing a regulatory element are 
not required to be DNA even though regulatory elements are 
typically DNA sequences. For example, nucleic acid mol 
ecules other than DNA, such as RNA or RNA/DNA hybrids, 
that produce or contain a DNA regulatory element are 
considered regulatory elements. Thus, recombinant retrovi 
ruses having an RNA sequence that produces a regulatory 
element upon synthesis into DNA by reverse transcriptase 
are isolated nucleic acid molecules containing a regulatory 
element even though the recombinant retrovirus does not 
contain any DNA. 

[0060] 3. Transfection 

[0061] The term “transfection,” of a nucleic acid into a 
cell, as used herein is intended to include “transformation, 
”“transduction,”“gene transfer” and the like, as they are 
commonly used in the art. “Transfection” is not intended to 
be limited to transfer of nucleic acid into a cell by means of 
an infectious particle such as a retrovirus, as the term may 
have been used originally. Rather any form of delivery and 
introduction of a nucleic acid molecule, preferably DNA, 
into a cell, Whether in the form of a plasmid, a virus, a 
liposome-based vector, or any other vector, so that the 
nucleic acid is expressed in the cell and its protein product(s) 
made, is included Within the de?nition of “transfection.” 

[0062] When a nucleic acid is said to “encode” a product 
other than a protein, this language is intended to mean that 
it encodes the necessary proteins/enZymes that are involved 
in, or required for, the synthesis of that product. For 
example, if a DNA molecule is said to encode LPS, it clearly 
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encodes one or more proteins (enZymes) that are involved in 
the biosynthesis of LPS. If a nucleic acid is said to “encode 
the biosynthesis” of a structure, it means that the nucleic 
acid encodes the enZymes that participate in the creation of 
that structure. In particular for the carbohydrate structures 
referred to herein, the nucleic acids used in the invention are 
introduced into a cell that normally does not make, or makes 
little of, the carbohydrate structure so as to provide to that 
cell the genetic material for an enZyme or enZymes that 
generate the carbohydrate structure or modify a different 
carbohydrate structure to that one indicated. As a further 
example, DNA encoding a tumor antigen may directly 
encode a protein/peptide tumor antigen, or alternatively, 
may encode proteins or peptides that either contribute struc 
turally to, or catalyZe the synthesis of, a tumor antigen Which 
is partly protein (e.g., lipoprotein or proteoglycan) or totally 
non-protein (e.g., a glycolipid). The invention provides 
methods of treating cancer in a host by transfecting cells 
With SAg-encoding nucleic acid. Suitable host or non-host 
cells for transfection include, Without limitation, endothelial 
cells, DCs, monocytes, macrophages, B cells, T cells, immu 
nocytes, muscle cells, ?broblasts, NK cells, NKT cells (TCR 
otlIl+ CD4neg and CD8neg), y/o T cells and tumor cells. The 
terms accessory cell and antigen presenting cell (APC) can 
be used interchangeably and include cells having the ability 
to process and present antigens to T cells as Well as to 
provide both de?ned and less Well de?ned groWth and 
differentiation factors (costimulatory signals) during an 
ongoing immune response. 

[0063] Cells are transfected in vivo or in vitro. When 
transfected in vivo, the cells are of host origin. When 
transfected in vitro, the cells are autologous, allogeneic, or 
xenogeneic to the host to provide additional immunogenic 
ity. In addition to being transfected With nucleic acid encod 
ing a SAg, the cells are transfected With nucleic acid 
encoding any other polypeptide including, Without limita 
tion, a galactosyltransferase, staphylococcal hyaluronidase 
and/or erythrogenic toxin, streptococcal capsular polysac 
charide, CD44, tumor antigen, costimulatory molecule such 
as B7-1 and B7-2, adhesion molecules, MHC class I mol 
ecule and/or MHC class II molecule. Nucleic acids encoding 
the molecules are cotransfected With the SAgs. But for 
others, including but not limited to Staphylococcal hyalu 
ronidase, erythrogenic toxin, Streptococcal capsular 
polysaccharide and CD44 genes, the nucleic acids encoding 
the SAgs are fused to other nucleic acids resulting in 
expression of a fusion protein. 

[0064] Methods for in vivo and in vitro transfection of 
cells are Well knoWn. For example, tWo books in the series 
Methods in Molecular Medicine published by Humana 
Press, TotoWa, N.J., describe in vivo and in vitro transfection 
protocols that are adaptable to the present invention (Vac 
cine Protocols edited by Robinson et al., (1996) in Gene 
Therapy Protocols edited by Robbins et al., Humana Press, 
TotoWa, N]. (1997)). Transfection protocols are also dis 
cussed elseWhere ((Sambrook, J. et al., Molecular Cloning, 
Second Edition, Cold Springs Harbor Laboratory Press, 
Plainview, NY, (1989)). In addition, use of various vectors 
to target epithelial cells, use of liposomal constructs, meth 
ods of transferring nucleic acid directly into T cells, hemato 
poietic stem cells, and ?broblasts, methods of particle 
mediated nucleic acid transfer to skin cells, and methods of 
liposome-mediated nucleic acid transfer to tumor cells have 
been described elseWhere. (Felgner, P L et al., Cationic 
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Lipids for Intracellular Delivery of Biologically Active 
Molecules, US. Pat. No. 5,459,127, issued Oct. 17, 1995; 
Felgner, P L, Cationic Lipids for Intracellular Delivery of 
Biologically Active Molecules, US. Pat. No. 5,264,618, 
issued Nov. 23, 1993; Felgner, P L, Exogenous DNA 
Sequences in a Mammal, US. Pat. No. 5,580,859 issued 
Dec. 3, 1996; Felgner, P L, AProtective Immune Response 
in a Mammal by Injecting a DNA Sequence, US. Pat. No. 
5,589,466 issued Dec. 31, 1996). 

[0065] Further, use of ligand-based nucleic acid carriers to 
effect transfection of mammalian cells in vivo has been 
described elseWhere (Wu et al., J. Biol. Chem., 262:4429 
4432 (1987); Wu et al., J. Biol. Chem., 263:14621-14624 
(1988); Wu et al., J. Biol. Chem., 264:16 985-16987 (1989); 
Wu et al., J. Biol. Chem., 266:14338-14342 (1991); and 
Garrigues J et al., Am. J. Path. 142:607-622 (1993)). Brie?y, 
plasmid DNA is conjugated to a desialylated branched 
carbohydrates such as orosomucoid by carbodiimide 
crosslinking to polylysine and targeted to asialoprotein 
receptors expressed on cells in the liver. In addition, 
enhanced nucleic acid delivery and expression can be 
achieved using a ligand-polylysine conjugate coupled to 
carbohydrate moieties on viruses that is then combined With 
DNA. These preparations are suitable for parenteral injec 
tion and are readily taken up by cells expressing asialopro 
tein receptors in the liver after Which the DNA is internaliZed 
and integrated into the host genome. In addition, nucleic 
acid can be administered intravenously, intramuscularly, or 
subcutaneously to induce a response in a host. 

[0066] Thus, targeting nucleic acid to the surface of par 
ticular cells is accomplished by conjugating nucleic acid to 
molecules that bind to a cell surface structure such as a 
receptor. Examples of cell surface structures that can be 
targeted include, Without limitation, the transferrin receptor, 
and asialoglycoprotein receptor. The molecules that bind 
cell surface structures and are conjugated to nucleic acid for 
targeting can be, Without limitation, natural ligands for the 
surface structure, synthetic compositions that exhibit spe 
ci?c binding, and antibodies directed against the surface 
structure. For example, a monoclonal antibody speci?c for a 
cell surface epitope such as the BR96 antibody that recog 
niZes Lex carbohydrate epitope abundantly expressed by 
colon, breast, ovary, and lung carcinomas can be used. Other 
monoclonal antibodies can include, Without limitation, those 
that recogniZe groWth factor receptors, transferrin receptors, 
IL-2 receptors, epidermal groWth factor receptors, the hev 
oncogene, and TAPA-1 as Well as any other antibody having 
speci?city for a surface structure that can be internaliZed. 

[0067] Liposomes containing nucleic acid are also tar 
geted to speci?c cell types such that the nucleic acid is 
expressed. For example, nucleic acid is loaded into or 
attached to cationic DOTMA: doleoylphosphatidylethano 
lamine (DOPE) liposomes that contain exposed molecules 
that bind to a cell surface structure such as tumor cells or 
tumor microvasculature (Example 5). The molecules that 
bind cell surface structures and are attached to liposomes 
can be, Without limitation, natural ligands for the surface 
structure, synthetic compositions that exhibit speci?c bind 
ing, and antibodies directed against the surface structure. 
Maximal transfer of nucleic acids encoding SAgs is attained 
by synthesiZing the liposomes With an appropriate ratio of 
nucleic acid to lipid. In addition, these nucleic acid- con 
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taining liposomes are administered intravenously, intramus 
cularly, or subcutaneously to induce a response in a host. 

[0068] Naked nucleic acid is also administered to a host. 
For example, naked pharmaceutical-grade plasmid DNA are 
injected into a host intramuscularly such that it is expressed 
by host cells (US. Pat. Nos. 5,589,466; 5,580,599; 5,264, 
618; 5,459,127; and 5,561,064). In addition, cationic lipids 
are used to deliver biologically active molecules, such as 
oligonucleotides to host cells in vivo (US. Pat. Nos. 5,264, 
618, 5,459,127, and 5 ,5 61,064). Thus, nucleic acid encoding 
a SAg is administered to a host in naked or cationic lipid 
form such that the SAg is expressed. It is noted that any 
nucleic acid described herein can be administered in vivo as 
naked DNA. Further, other methods of administering naked 
DNA to a host can be used such as those related to the direct 
injection of naked DNA for use in vaccines (Cohen et al., 
Science 259:1691-1692 (1993); Corr et al., J. Exp. Med. 
184:1555-1560 (1996); Varmus et al., Proc. Natl. Acad. Sci. 
USA81:5849-5852 (1984); and Benveniste et al., Proc. Natl. 
Acad. Sci. USA 83:9551-9555 (1986)). Our previous patent 
applications Which are hereby incorporated by reference 
include US. patent application Ser. No. 07/416,530, ?led 
Oct. 3, 1989, US. patent application Ser. No. 07/466,577, 
?led Jan. 17, 1990, US. patent application Ser. No. 07/891, 
718, ?led Jun. 1, 1992, US. patent application Ser. No. 
08/025,144, ?led Mar. 2, 1993, US. patent application Ser. 
No. 08/189,424, ?led Jan. 31, 1994, US. patent application 
Ser. No. 08/491,746, ?led Jun. 19, 1995, PCT applications 
PCT/US91/00342, and PCT/US94/02339. These applica 
tions have given comprehensive description of the SAg 
genes, the creation of high enterotoxin producing mutant 
strains as Well as recombinant methods of production of 
SAgs. In addition, methods of treating cancer by transfecting 
tumor cells in vivo and in vitro With SAg nucleotides using 
Well de?ned recombinant technology have been described in 
these applications. Subsequently, DoW et al., (J. Clin. Invest. 
99: 2616-2624 (1997)) described in vitro and in vivo trans 
fection of eukaryotic cells With SAg DNA Which Was 
capable of inducing in?ammatory responses in vivo. It is 
noted that the SAg genes have been cloned and their 
sequences delineated before 1988 and methods used to 
transfect cells in vivo or in vitro With nucleic acids encoding 
polypeptides are also Well knoWn in the art. 

[0069] 4. Constructs 

[0070] Tumor cells are transfected With various nucleic 
acids Which are designed to increase their immunogenicity 
and to provide them With capacity to traffic to metastatic 
sites Where they may initiate a potent in?ammatory and 
immune response. Such constructs of this invention can be 
linear or circular nucleic acids obtained from mammals or 
bacteria that encode a polypeptide such as a SAg, mutant 
SAg, erythrogenic toxin, enZymes involved in the biosyn 
thesis of glycosyltransferases, bacterial glycosylceramides, 
LPS’s, lipoproteins, capsular or membrane polysaccharides, 
microbial toxins and enZymes such as hyaluronidase, colla 
genase, elastase, coagulase, protease, kinase, lipase. Con 
structs may also contain tumor associated antigens, costimu 
latory molecules such as B7-1 and B7-2, adhesion 
molecules, receptor molecules such as SAg receptors, CD1, 
CD14, MHC class I molecules and/or MHC class II recep 
tors. Such constructs may also contain ampli?ed nucleic 
acids associated With tumors such as oncogenes, transcrip 
tion factors, angiogenesis factors and receptors, tumor 
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growth factor receptors, chimeric receptors. The latter 
nucleic acids may be linked to SAg-encoding nucleic acid to 
produce heightened expression of the SAg. The ampli?ed 
nucleic acids may include tumor tissue speci?c promoters 
and nucleic acids that direct the coloniZation or metastasis of 
tumors to selected sites in vivo. Constructs can also contain 
elements that regulate and/or promote the expression of an 
encoded polypeptide. For example, a construct containing 
nucleic acid that encodes enterotoxin B (SEB) can have a 
strong promoter element upstream of the SEB encoding 
sequence. In addition, constructs can contain nucleic acid 
that anchors an encoded polypeptide to the cell surface after 
expression. For example, a construct containing nucleic acid 
that encodes SEB can contain a membrane-anchoring 
sequence such as nucleic acid that encodes a hydrophobic 
stretch of amino acids or a glycosylphosphatidylinositol 
(GPI)-anchoring motif Thus, the SAg, or other polypeptides 
as Well, can be anchored in the plasma membrane by 
coupling to membrane lipids or glycolipids. These anchors 
can be attached to the C terminus of the polypeptide in the 
endoplasmic reticulum. Alternatively, a SAg knoWn to be 
associated With the cell surface after expression can be used 
such as the mammary tumor viral (MMTV) SAg that is 
GPI-linked. In one embodiment, SAgs as Well as SAg 
receptors are engineered to remain anchored to the surface 
of transfected cells When the cell is to be used for immuni 
Zation. Likewise, When a SAg receptor gene is transfected 
into anergiZed T cells from cancer patients, it is desirable to 
express the receptor on the cell surface so that they are 
readily recogniZed and activated by exogenous receptor 
bound SAg. In contrast, When it is desirable to use SAg 
transfected cells to activate T cells in vivo or ex vivo or to 
promote traf?cking of transfected tumor cells to metastatic 
sites in vivo, it is suitable for the SAg to be secreted from 
the transfected cells. 

[0071] In additional embodiments, potent tumor speci?c 
effector T or NKT cell clones are produced With overex 
pressed VIII regions of their TCRs making them highly 
receptive to activation by exogenous SAg. LikeWise CD44 
genes are transfected into T cells or NKT cells making them 
more susceptible to expression of this epitope after SAg 
stimulation. 

[0072] Constructs also contain a selectable marker or 
reporter such that transfected cells can be isolated. For 
example, a construct containing nucleic acid that encodes a 
SAg can also contain nucleic acid that encodes a polypeptide 
that confers resistance to a selection agent such as neomycin 
(also called G418), puromycin, or kanamycin. 

[0073] Nucleic acid and nucleic acid constructs of the 
present invention are incorporated into a vector, an autono 
mously replicating plasmid, or a virus (e.g., a retrovirus, 
adenovirus, or herpes virus). Typically, these vectors, plas 
mids, and viruses can replicate and function independently 
of the cell genome or integrate into the genome. Vector, 
plasmid, and virus design depends on, for example, the 
intended use as Well as the type of cell transfected. Appro 
priate design of a vector, plasmid, or virus for a particular 
use and cell type is Within the level of skill in the art. In 
addition, a single vector, plasmid, or virus can be used to 
express either a single polypeptide or multiple polypeptides. 
It folloWs that a vector, plasmid, or virus that is intended to 
express multiple polypeptides Will contain one or more 
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operably linked regulatory elements capable of effecting 
and/or enhancing the expression of each encoded polypep 
tide. 

[0074] The term “operably linked” means that tWo nucleic 
acid sequences are in a functional relationship With one 
another. For example, a promoter (or enhancer) is operably 
linked to a coding sequence if it effects (or enhances) the 
transcription of the coding sequence. A ribosome binding 
site is operably linked to a coding sequence if it is positioned 
to facilitate translation. Operably linked nucleic acid 
sequences are often contiguous, but this is not a requirement. 
For example, enhancers need not be contiguous With a 
coding sequence to enhance transcription of the coding 
sequence. 

[0075] Avector, plasmid, or virus that directs the expres 
sion of a polypeptide such as a SAg can include other 
nucleic acid sequences such as, for example, nucleic acid 
sequences that encode a signal sequence or an ampli?able 
gene. Signal sequences are Well knoWn in the art and can be 
selected and operatively linked to a polypeptide encoding 
sequence such that the signal sequence directs the secretion 
of the polypeptide from a cell. An ampli?able gene (e.g., the 
dihydrofolate reductase [DHFR] gene) in an expression 
vector can alloW for selection of host cells containing 
multiple copies of the transfected nucleic acid. 

[0076] Standard molecular biology techniques are used to 
construct, propagate, and express the nucleic acid, nucleic 
acid constructs, vectors, plasmids, and viruses of the inven 
tion ((Sambrook, J. et al., supra; Maniatis et al., Molecular 
Cloning (1988); and US. Pat. No. 5,364,934. For example, 
prokaryotic cells (e.g., E. coli, Bacillus, Pseudomonas, and 
other bacteria), yeast, fungal cells, insect cells, plant cells, 
phage, and higher eukaryotic cells such as Chinese hamster 
ovary cells, COS cells, and other mammalian cells can be 
used. 

[0077] Constructs are used in vivo or ex vivo or in 
combination as in Example 5-7, 16-23. They are used to 
immuniZe a host by direct in vivo administration or they are 
used ex vivo to activate T cells or NKT cells to become 
tumor speci?c effector cells Which are employed for adop 
tive immunotherapy of cancer by methods and models 
(Examples 7, 16, 19-23). 
[0078] To test the anti-tumor-inducing ability of a particu 
lar construct as Well as the transfected cell itself, the 
folloWing general assay is performed. B16 melanoma, A20 
lymphoma, host tumor cells, or any other tumor cell lines 
appropriate to the host (i.e., having tumor antigens expected 
to be present on the host tumor cells) are transfected With a 
given construct. Appropriate numbers of transfected cells 
(e.g., 105-107 cells) are then implanted subcutaneously into 
animals such as mice, rats, rabbits, or the like and 1-6 
months later untransfected tumor cells are implanted. Tumor 
outgroWth from the untransfected tumor cells is measured 
and compared to control animals not given the transfected 
tumor cells. If tumor outgroWth is reduced or prevented, 
then the transfected cells are effective anti-tumor agents 
useful as tumor vaccines. Alternatively, 105-107 transfected 
tumor cells can be given 3-10 days after the appearance of 
established tumors from untransfected tumor cells. If tumor 
outgroWth is reduced or arrested, then the transfected cells 
are effective anti-tumor agents useful in treating established 
tumors. 



US 2005/0112141 A1 

[0079] To test the anti-tumor effect of SAg activated T 
cells, NKT cells or T cells clones overexpressing VIII or 
CD44, the following general protocol is used. Lymph node 
cells from C57/B1 mice bearing MCA 205 or 207 sarcomas 
Which Were implanted in the adjacent inguinal region three 
to ten days before are extracted and placed in tissue culture. 
The cells are incubated With various enterotoxins for tWo 
days and then With IL-2 for an additional tWo to three days. 
The cells are then harvested and injected into syngeneic 
mice With established pulmonary metastases (six to tWelve 
days after tumor injection). Three Weeks later the animals 
are evaluated for pulmonary metastases compared to con 
trols Which receive no cells or cells that Were stimulated 
Without enterotoxins. The adoptively transferred cells may 
be enriched for NKT cells or T cells alone (to include/T 
cells) Which are selectively injected into tumor bearing 
hosts. Likewise, they are selected for predominant expres 
sion of the CD44 phenotype during the SAg activation phase 
at Which time the CD44 enriched population is harvested 
and used for adoptive immunotherapy. The dose of injected 
T cells, NKT cells or y/o T cells and/or CD44 enriched cells 
(Which are produced by any of these T cell, NKT cell or y/o 
T cell populations) range from 106 to 7 and are be given on 
a schedule of once Weekly for one to four Weeks. 
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(SEQ ID NOS119-20) have been cloned and can be 
expressed in E. coli (Betley M J and J J Mekalonos, J. 
Bacteriol. 170134 (1987); Huang I Y et al., J. Biol. Chem., 
26217006 (1987); Betley M et al., Proc. Natl. Acad. Sci. 
USA, 8115179 (1984); Gaskill M E and S AKhan, J. Biol. 
Chem., 26316276 (1988); Jones C L and S A Khan, J. 
Bacteriol., 166129 (1986); Huang I Y and M S Bergdoll, J. 
Biol. Chem., 24513518 (1970); Ranelli D M et al., Proc. Nat. 
Acad. Sci. USA 8215850 (1985); Bohach G A, Infect 
Immun., 551428 (1987); Bohach G A, Mol. Gen. Genet. 
209115 (1987); Couch J L et al., J. Bacteriol. 17012954 
(1988); KreisWierth B N et al., Nature, 3051709 (1983); 
Cooney J et al., J. Gen. Microbiol., 13412179 (1988); 
Iandolo J J, Annu. Rev. Microbiol., 431375 (1989); and US. 
Pat. No. 5,705,151)). Additional nucleic acid sequences 
encoding SAgs are described elseWhere (Bohach et al., Crit. 
Rev. in Microbiology 171251-272 (1990); (KotZin, B L et al., 
Advances Immunology 541 99-165 (1993)) PCR can be used 
to isolate SAg-encoding acid. For example, the nucleic acid 
encoding SEA, SEB, and TSST-1 can be isolated as 
described elseWhere (DoW et al., J. Clin. Invest. 9912616 
2624 (1997)). Brie?y, the folloWing primers can be used to 
amplify the SAg-encoding nucleic acid: 

SEA forward: GGGAATTCCATGGAGAGTCAACCAG, (SEQ ID NO:2l) 

SEA backward: GCAAGCTTAACTTGTTAATAG; (SEQ ID NO:22) 

SEB forward: GGGAATTCCATGG-AGAAAAGCG, (SEQ ID NO:23) 

SEB backward: GCGGATCCTCACTTTTTCTTTG; (SEQ ID NO:24) 
and 

TSST-l forward: GGGGTACCCCGAAGGAGGAAAAAAAAATGTCTACAAACGATAATATAAAG, (SEQ ID NO:25) 

TSST-l backward: TGCTCTAGAGCATTAATTAATTTCTGCTTCTATAGTTTTTAT. (SEQ ID NO:26) 

[0080] 5. Superantigens (SAgs) 

[0081] SAgs are polypeptides that have the ability to 
stimulate large subsets of T cells. SAgs include Staphylo 
coccal enterotoxins, Streptococcal pyrogenic exotoxins, 
Mycoplasma antigens, rabies antigens, mycobacteria anti 
gens, EB viral antigens, minor lymphocyte stimulating anti 
gen, mammary tumor virus antigen, heat shock proteins, 
stress peptides, and the like. Any SAg can be used as 
described herein, although, Staphylococcal enterotoxins 
such as SEA, SEB, SEC, and SED and streptococcal pyro 
genic exotoxins such as toxic shock-associated toxin 
(TSST-1 also called SEF) are preferred. 

[0082] When using enterotoxins, the region related to 
emetic activity can be omitted to minimiZe toxicity. In 
addition, SAgs can be derivatiZed to minimiZe toxicity. The 
level of toxicity may not be a concern When using SAg 
transfected cells to activate lymphocytes ex vivo since the 
lymphocytes can be rinsed of SAg polypeptide prior to 
administration to a host. 

[0083] The nucleic acid sequences that encode SAgs are 
knoWn and readily available. For example, Staphylococcal 
enterotoxin A (SEA) (SEQ ID NOS17-8), SEB (SEQ ID 
NOS19-10), SEC (SEQ ID NOS111-12), SED (SEQ ID 
NOS113-14), SEE (SEQ ID NOS115-16), TSST-1 (SEQ ID 
NOS117-18), and Streptococcal pyrogenic exotoxin (SPEA) 

[0084] The full-length TSST-1 nucleic acid sequence is 
cloned into a eukaryotic expression vector (pCR3; InVitro 
gen Corp., San Diego, Calif.), Whereas only the sequence 
corresponding to the mature SEB and SEA (sequences 
minus the putative bacterial signal sequences) is cloned into 
pCR3. Removal ofthe SEB and SEA signal sequences 
increases the level of expression in transfected cells. The 
plasmids are groWn in Escherichia coli and plasmid DNA 
extracted by the modi?ed alkaline lysis method and puri?ed 
on a CsCl gradient. 

[0085] Nucleic acids encoding mutant or variant SAgs are 
also considered nucleic acid sequences encoding SAgs 
Within the scope of the invention. For example, a mutant 
SAg-encoding acid sequence is engineered such that the 
resulting SAg is devoid of amino acid residues, e.g., histi 
dine, knoWn to produce toxicity. LikeWise, SAg-encoding 
nucleic acid is engineered to contain or lack sequences that 
facilitate the selective binding of SAgs to certain VIII 
regions of the TCR present on T cells or to ganglioside, 
mannose (or other carbohydrate) receptor, certain regions of 
MHC class II, and/or enterotoxin receptors present on tumor 
cells, antigen presenting cells (APCs), and/or lymphocytes. 

[0086] Nucleic acid sequences that encode a SAg are also 
fused, in frame, With nucleic acid that encodes another 
polypeptide. This larger nucleic acid is termed herein a SAg 
fusion gene and the resulting polypeptide product is a SAg 
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fusion product. Nucleic acid sequences that are fused to 
SAg-encoding nucleic acid include, Without limitation, 
nucleic acid sequences that encode tumor antigens, costimu 
latory molecules, adhesion molecules and MHC class II 
molecules. The superantigen fusion product is secreted by a 
transfected cell, expressed on the cell surface or it may 
remain intracellular in nucleic acid or partly processed form. 

[0087] SAgs are also isolated and puri?ed from their 
natural source as Well as from a heterologous expression 
system such as E. coli. Likewise, SAg-containing polypep 
tides (e.g., SAg fusion products) are isolated and puri?ed 
from a heterologous expression system. In addition, Staphy 
lococcus strains producing high levels of enterotoxin have 
been identi?ed and are available. For example, exposing 
enterotoxin-producing Staphylococcus aureus to mutagenic 
agents such as N-methyl-N-nitro-N-nitrosoguanidine results 
in a 20 fold increase in enterotoxin production over the 
amounts produced by the parent Wild-type Staphylococcus 
aureus strain (Freedman M A and HoWard M B J. Bacteriol., 
106:289(1971)). 
[0088] 6. Glycosylated SAgs and SAgs Conjugated to 
Glycosylceramides. Lipopolysaccharides. Glycans and 
Lipoarabinomannans: Presentation on CD1 Receptors for 
Activation of T or NKT Cells and Differentiation to Tumor 
Speci?c Effector Cells. 

[0089] In a tumor cell or accessory cell, nucleic acid signal 
sequences are integrated into nucleic acids encoding the 
SAg molecules in order to route them to the Golgi apparatus 
and endoplasmic reticulum of tumor cells Where they are 
glycosylated via appropriate glycosyltransferases (prece 
dents from the selective transferases used to produce 
monogalactosylceramide in the Sphingomonas paucimobi 
lis) to produce a proteoglycan With structural similarity to 
LPS, lipoteichoic acid, GalCer, a Gal, Streptococcus capsu 
lar polysaccharide. This construct is then secreted as an 
immunogenic “ground substance.” Alternatively, the result 
ing SAg glycolipid is anchored to the membrane, expressed 
on the cell surface and routed speci?cally to CD1 receptors. 

[0090] SAgs Which are glycosylated by the above intrac 
ellular processes have improved capacity to bind surface 
structures such as mannose receptors, ganglioside receptors 
and CD1 receptors. Generally, the nucleic acids encoding a 
SAg are modi?ed to include a signal sequence for routing to 
the Golgi apparatus and a core sequence Which initiates 
glycosylation. It is important that the VIII TCR binding 
region is not blocked by the added carbohydrate modi?ca 
tions. For example, an N-linked glycosylation site (in the 
sequence Asn X Ser/T hr Where X is any residue except Pro) 
is engineered into SAg-encoding acid sequences Which do 
not functionally interfere With TCR binding and activation. 
The nucleic acid encoding these signal sequences and core 
binding glycosylation sites of SAgs are fused to nucleic 
acids encoding SAg and the fusion gene used to transfect 
tumor cells of a host. In addition, glycosylated forms of 
SAgs are expressed in a heterologous eukaryotic expression 
system such as yeast cells or baculovirus-infected insect 
cells. In gram negative bacteria (such as E. coli), nucleic 
acids encoding SAgs are fused to nucleic acids encoding 
LPS’s, in gram positive bacteria (such as Staphylococcus or 
Streptococcus), to nucleic acids encoding capsular polysac 
charides and teichoic acids and in mycobacterial species to 
nucleic acids encoding lipoarabinan. 
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[0091] The gram negative bacterium Sphingomonas 
paucimobilis produces the monogalactosylceramide. In this 
bacterium, nucleic acids encoding SAgs (containing serine) 
are fused to nucleic acids encoding and directing the syn 
thesis of glycosylceramides and monogalactosylceramide in 
particular. The resulting galactosylceramide-SAgs are poW 
erful T cell stimulants. The same procedure is folloWed in 
bacteria Which naturally produce LPS’s such as E. coli, 
Salmonella or Klebsiella or for bacteria Which naturally 
produce lipoarabinomannans glycans or polysaccharides 
containing cell Walls such as Mycobacterium and Strepto 
coccus respectively. The SAg-polysaccharide constructs 
bind to CD1 receptors of antigen presenting cells. They are 
then capable of activating NKT cells either in vivo or ex vivo 
to become tumor speci?c effector cells in response to IL-12. 
SAgs are also conjugated genetically or biochemically as in 
Example 5 to LPS’s via a natural high af?nity binding site 
for LPS binding protein (LPB). Once bound, the SAg 
catalyZes the binding of LPS monomers to CD14 and CD1 
receptors in a fashion similar to that of LPB. In this Way, the 
conjugates are capable of activating T cells for use in vivo 
or ex vivo for adoptive immunotherapy While preserving the 
anti-apoptotic effect of LPS on SAg activated T cells. 
Examples of their preparation and use in vivo and in vitro 
are given in Examples 4, 7, 15, 16, 18-23. 

[0092] In addition, SAgs similarly conjugated to lipoara 
binomannans and glycans are integrated into lymphomono 
cytic cell membranes via glycosylphosphatidylinositol 
anchors. These SAg-lipoarabinomannan complexes are 
expressed or secreted by antigen presenting cells or tumor 
cells. They are also bound to CD1, mannose or class II 
receptors in Which form they are used to activate T or NKT 
cells. These constructs are administered in vivo or they are 
used ex vivo to produce tumor speci?c effector cell popu 
lations (T cell or NKT cells) Which are employed for 
adoptive immunotherapy of cancer (Examples 5, 15-16, 
18-23). 
[0093] Mannose receptor expression is upregulated by 
cytokines. For example, accessory cells including DCs, and 
tumor cells express mannose receptors on their surfaces after 
GM-CSF treatment. SAgs are bound to mannose receptors 
by transfecting cells With nucleic acids encoding SAg Which 
also consist of nucleic acids encoding signal sequences and 
glycosylation sites Which, in the presence of appropriate 
glycosyltransferases, produce mannosylated SAgs. These 
preferentially bind to mannose receptors. In addition, gly 
cosylated SAgs bind to amphipathic cell surface ganglio 
sides and glycolipids via hydrophobic interactions. These 
glycosylated SAgs presented in a form bound to mannose 
receptors are capable of activating T cells and NKT cell 
populations. They are used either in vivo by direct admin 
istration or ex vivo to produce a tumor speci?c effector cell 
population (T cell or NKT cells) for use in adoptive immu 
notherapy of cancer (Examples 4, 5, 15, 16, 18-23). 

[0094] 7. SAgs Conjugated to Glycosylceramides, Gan 
gliosides and Verotoxins (VT) 

[0095] Amphipathic ganglio sides bound to tumor cell 
surfaces such as GD1, GD2, GD3, GM1, GM2, GM3, GQ1 
and GT1 are capable of binding exogenous SAgs. The 
binding of a SAg to the surface of a tumor cell creates an 
immunogen on the tumor cell surface. Tumor cells trans 
fected With nucleic acids encoding glycosyltransferases 
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overexpress gangliosides, producing a greater surface den 
sity of ganglioside moieties available to bind exogenous 
SAgs. Enterotoxins bind to cell surface amphipathic gan 
gliosides and/or glycophorins via their hydrophobic residues 
While preserving their T cell binding properties. SAgs are 
also glycosylated intracellularly by addition of a glycosyla 
tion site or by chemical conjugation of a carbohydrate 
moiety using methods Well described in the art. In glyco 
sylated or native form, the SAgs bind to surface ganglioside 
While retaining their T cell activating properties. Overex 
pression of the hydrophobic regions of the molecule pro 
motes binding to the surface gangliosides (Example 5). 
Examples from nature of exogenous proteins that bind to 
cell surface gangliosides include falciparum malarial mero 
Zoite Which combines With gangliosides associated With the 
Duffy blood group and induce long standing and durable 
protection and tetanus toxin Which binds to surface ganglio 
sides With highest af?nity for the disialyl groups linked to 
inner galactosyl residues. 

[0096] Enterotoxin B contains a T cell activating sequence 
Which is chemically cross-linked or polymeriZed using 
bifunctional agents such as carbodiimide, glutaraldehyde or 
formaldehyde by established methods Well knoWn in the art. 
These polymers are then bound to gangliosides expressed on 
tumor cells such as GD1, GD2, GQ1, GD3 or GM1, GM2, 
GM3, GT1. In monomeric or polymeriZed form, SAgs also 
bind to monogalactosylceramides Which are free or bound to 
CD1 receptors on tumor cells or antigen presenting cells via 
hydrophobic interactions. The monogalactosylceramide 
binds to hydrophobic sequences on the SAg Which are 
expressed at multiple sites on the molecule. In one embodi 
ment, the lauroyl group [CH3(CH)1OCO] or the group 
[CH3(CH)13CO] is covalently added to each of the peptide’s 
amino terminus to serve as a of the CD1 receptor. The key 
SAg peptide sequence such as of SEB (amino acids 225 
234) Which confers T cell activating properties is tandemly 
repeated to various lengths prior to lipid conjugation. 

[0097] Hydrophobic SAg peptides(such as Trp, Tyr, Phe, 
Leu, and Ile) are screened for binding to glycosylceramides 
immobiliZed on CD1 receptors or via adsorption chroma 
tography With immobiliZed glycosylceramide. The SAg 
sequences With the greatest affinity for the CD1 receptor are 
selected for conjugation to the glycosylceramides and 
LPS’s. Alternatively, the SAg sequence is screened for 
af?nity for the CD1 or MHC class II receptor using a peptide 
phage display library as described in Examples 4. Likewise, 
pre-formed SAg-glycosylceramide or LPS complexes are 
also screened for af?nity for the CD1 or MHC class II 
receptor (Example 4). These lipopeptide complexes are then 
screened for T cell proliferative activity and IL-12 produc 
tion. The monomeric or polymeriZed SAg in native or 
glycosylated form binds to the monoglycosylceramides or 
gangliosides expressed on CD1 receptors on the tumor cell 
surface. 

[0098] Therapeutic 
Conjugates 

Construct: SAg-Glycosylceramide 

[0099] SAgs have an af?nity for glycosphingolipids espe 
cially those With terminal or subterminal Gal(ot1-4)Gal 
residues. Such residues are expressed on tumor cells as 

Gal(ot1-4)Gal(|:|1-4)GlcCeramide (globotriaosylceramide 
or Gb3) and Gal(ot1-4)GalCeramide (galabiosylceramide or 
Gb2). Gb3 and Gb2 also knoWn as CD77, Burkitt’s lym 
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phoma antigen, and the human blood group pk antigen are 
the natural receptors for Shiga toxins and VT’s . Shiga toxin, 
a 69-kDa complex of proteins comprised of ?ve III-subunits 
(7 kDa each) and one a-subunit (30 kDa) has high af?nity for 
the terminal digalactose of Gb3 or Gb2. Methods for their 
preparation and isolation are described in Example 41. Once 
bound to the tumor cell, these toxins are internaliZed and 
induce apoptosis. 

[0100] The synthetic pathWay for neutral glycosphingolip 
ids in eukaryotic cells is knoWn. Glucosylceramide (GlcCer) 
is the precursor of lactosylceramide (LacCer), Which leads, 
in order, to Gb3 and globotetraosylceramide (Gb4). Differ 
ent Golgi enZymes are responsible for addition of monosac 
charides from nucleotide-sugar donors in each step of the 
pathWay. Globotriaosylceramide synthase (UDP-galactose 
:lactosylceramide (x1-4-galactosyltransferase) has been 
puri?ed. In the cytoplasm, the ot-subunit of the Shiga toxin 
or VT is processed by a trypsin-like cleavage. The “acti 
vated” 27-kDa ot-subunit inactivates 60S ribosomes by 
depurination of a single nucleotide in 28S rRNA, rendering 
ribosomes incapable of carrying out peptide elongation. 

[0101] The present invention provides therapeutically 
active soluble complexes comprising SAg and glycosphin 
golipids Which have terminal or subterminal Gal(ot1-4)Gal 
residues and Shiga toxin receptors Gb3 and Gb2, (collec 
tively referred to as “GTSG1-4”). These complexes include 
but are not limited to SAg-GPI-GTSG1-4 complexes, and 
synthetic and functional derivatives thereof. Such structures 
appear naturally on surfaces of certain tumor cells such as 
astrocytoma, Burkitt’s lymphoma and ovarian carcinoma. 
Methods of preparing and isolating glycosylceramides and 
VTs are given in Example 41. 

[0102] SAgs also have a demonstrable affinity for galac 
tosylceramides containing Gal(ot1-4)Gal residues. Methods 
of assessing SAg binding to GTSG1-4 are provided given in 
Example 43. These conjugates are also shed from SAg 
transfected tumor cells as binary complexes of SAg 
GTSG1-4 or ternary complexes of SAg-GPI-GTSG1-4, in 
free form, as vesicles or as exosomes(see Sections 38 and 
Example 38). Methods of isolating and characteriZing these 
shed complexes appear in Section 38 and Example 42. The 
complexes may also be prepared by chemical or genetic 
methods (Example 5). SAg-GTSG1-4 or SAg-GPI 
GTSG1-4 complexes or exosomes are useful as a preven 
tative vaccine or against established tumor. They are also 
useful in vivo by direct administration or ex vivo Where they 
are loaded onto antigen presenting cells comprising CD1 or 
MHC receptors to activate NKT and T cells to produce 
tumor speci?c effector T or NKT cells for adoptive therapy 
of cancer (Examples 5, 7, 14, 15, 16, 18-23, 38). 

[0103] Therapeutic Construct: Tumor Cells Expressing 
SAgs and Galactosylsylceramides 

[0104] Additional immunogenic complexes comprising 
SAgs bound to tumor cells, DCs DC/tc constructs express 
ing surface Gb2 and Gb3 or other glycosphingolipids con 
taining terminal Gal(ot1-4)Gal are prepared by transfecting 
these cells With nucleic acids encoding a SAg. The trans 
fected cell expresses the SAg in the context of the glycosph 
ingolipid comprising the terminal or subterminal Gal(ot1 
4)Gal moiety. Alternatively, free or GPI linked glycolipids 
containing SAg peptides or polypeptides bind to tumor cells 
or accessory cells in tissue culture (Section 38). The expres 
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sion of Gb3 and Gb2 on tumor cells is optionally upregu 
lated by various cytokines, including IFNO. and TNF 0t, 
before contacting the SAg 

[0105] Tumor cells, accessory cells or fused tumor/acces 
sory cells transfected With SAg Which are not naturally 
endoWed With the GalCer (optionally coupled to SAg) 
acquire these molecules in free or GPI-linked form from 
surrounding media or by transfer from liposomes or vesicles 
(exosomes) Which express them (Section 38 and Example 
5). The resulting cells, coexpress SAgs and glycosylceram 
ides or other glycosylceramides capable of stimulating an 
effective T or NKT cell immune response. Multidrug resis 
tant (MDR) tumor cells or cell lines Which naturally accu 
mulate and express intracellular glycosylceramides are use 
ful in this invention. MDR agonists such as SDA PSC 833, 
a cyclosporin analogue, and fumonisin B1, a ceramide 
synthase inhibitor, are employed to induce ceramide accu 
mulation in MDR cells (Example 45). Tumor cells or 
accessory cells Which overexpress key glycosylceramides 
due to transfection With (XIII-2, ot1-4, ot1-6 glycosyltrans 
ferases (Example 38) or a natural or induced de?ciency of 
ot-galactosidase are also useful. In addition, tumor cells With 
high concentrations of GalCer expressed on their surface or 
that of accessory cells are generated by incubation With 
ceramides containing a 2-hydroxy fatty acid C6OH. Tumor 
cells selectively convert them to GalCer, galabiosylceramide 
and sulfatide in the trans-Golgi netWork Where they are 
sorted and transported selectively to the cell surface. Meth 
ods for this selective biosynthesis of GalCer With hydroxy 
fatty acids are in Example 46. 

[0106] These fused SAg-tumor cell/accessory cell con 
structs are used to activate a T or NKT cell population. They 
are used in vivo by direct administration or ex vivo to 
produce a population of tumor speci?c effector cells (T cells 
or NKT cells ) for adoptive therapy of cancer (Examples 5, 
7, 14, 15, 16, 18-23, 38). 
[0107] SAg-VT Conjugates to Induce Tumor Cell Apop 
tosis 

[0108] The present invention contemplates the induction 
of apoptosis in tumor cells expressing Gb2 and Gb3 (or other 
glycosphingolipids containing terminal Gal(ot1-4)Gal) by 
using free SAgs, conjugates and fused DNA that comprises 
SAg, SAg peptide or SAg-encoding DNA fused to intact VT 
or to VTA or B chains. Preparation of these conjugates and 
fusion proteins from their corresponding DNA, polypeptides 
or functional derivatives is provided in Examples 1 and 5. 
These conjugates induce apoptosis by binding to tumor cell 
glycosphingolipid receptors having terminal Gal(ot1-4)Gal. 
Methods of assessing tumor cell apoptosis are in Example 
44. CD19 or IFNO. peptide sequences and generic carbohy 
drate recognition domains Which bind Gal(ot1-4)Gal struc 
tures are also useful. CD19, a B-cell restricted differentiation 
antigen, naturally binds to Gb3 and Gb2 on the cell surface 
Which incudes apoptosis. CD19 has VT-like sequences in the 
N-terminal extracellular domain (NBRF protein data bank) 
that have 41%, 34% and 37% sequence identity to VT1, 
VT2, and VT2e B subunits, respectively. When compared to 
a consensus VT B sequence, the CD19 sequences shoW 49% 
identity. Binding of these peptide sequences to membrane 
Gal(ot1-4)Gal-containing glycolipids facilitates receptor 
mediated induction of apoptosis. 

[0109] The IFNO. receptor has a 63-kDa extracellular 
peptide With regions of amino acid identity to domains in the 
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VT B subunit implicated as Gb2/Gb3 binding sites. The 
preferred targets of the above conjugates on tumor cells are 
the naturally expressed Shiga toxin receptors Gb3 and Gb2 
With a terminal Gal(ot1-4)Gal. Astrocytomas and Burkitt’s 
lymphomas are the preferred tumors as they naturally 
express glycosphingolipid receptors. HoWever, any tumor 
expressing the appropriate receptor is appropriate. Tumor 
cells Which express either engineered or natural functional 
derivatives, or mutants of these glycosphingolipid receptors, 
are also useful. Receptor expression on the target cells is 
optionally upregulated by cytokines such as IFNy and 
TNFot. Tumor cell sensitivity to the cytotoxic effects of a VT 
is enhanced by administration of interleukin-1U before the 
addition of the conjugates. Tumor cells Which do not natu 
rally display Gb3 or Gb2 acquire these structures by transfer 
from free, soluble structures or liposomes Which express the 
missing glycosphingo lipid receptor (Section 38, Example 
5). The reconstituted tumor cells bearing the appropriate 
glycolipid receptors are thus targeted for apoptosis by the 
above constructs and conjugates. 

[0110] SAg Nucleic Acid-Verotoxin Conjugate 

[0111] A preferred construct is the SAg-VT conjugate 
Wherein the SAg is preferably in nucleic acid form (prepared 
according to Example 3). The VT portion of the complex 
binds to the tumor cell and initiates apoptosis. The VT also 
acts as a “vector” for transfer of the SAg nucleic acid into 
the cell. SAg-VT conjugates bind to the terminal Gal(ot1 
4)Gal receptors on tumor cell surfaces and are internaliZed 
via endocytosis. The SAg nucleic acid is internaliZed 
together With the VT. The VT A chain is an RNA N-gly 
cosidase acting on the 60S ribosomal subunit. It induces 
apoptosis in the tumor cell by removing an adenine base on 
amino acyl-transfer RNA so that peptide chain elongation is 
blocked. The resulting apoptotic tumor cells contain the 
internaliZed SAg nucleic acid and are then ingested by 
dendritic cells. The DCs are cross primed to induce an 
effective anti-tumor response by presenting the tumor asso 
ciated antigens in the class I pathWay to T cells While the 
SAg nucleic acid expresses SAg polypeptide. These acti 
vated DCs or DC/tc hybrids can be prepared by the methods 
of Examples 28-29. They are used to activate a T or NKT 
cell population in vivo as a preventative vaccine or by direct 
administration against established tumor. They are also used 
ex vivo to produce a population of tumor speci?c effector 
cells (T cells or NKT cells ) for adoptive therapy of cancer 
(Examples 5, 7, 14, 15, 16, 18-23, 28-29). 

[0112] Glycosylation or lipid binding of the enterotoxin 
does not interfere With T cell binding and activating prop 
erties. The SAg is glycosylated by chemical or recombinant 
techniques described in the Examples 4. The SAg glyco 
protein is the further conjugated to gangliosides in the 
ganglioside synthetic pathWay via the presence of key signal 
peptides on the glyco-SAg (Example 4). The SAg is also 
rerouted to the LAMP pathWay, glycosylated in the Golgi 
apparatus and the endoplasmic reticulum and then translo 
cated to the membrane class II receptor as a glycosylated 
ganglioside. Gangliosides are glycosylated to form glyco 
sylceramides by recombinant techniques as described in the 
Example 4. They are also glycosylated by glycosyltrans 
ferases to form homologues Which bind to hydrophobic 
regions of the SAg peptide. The ?nal products namely 
SAg-glycosylceramides or SAg-LPS’s then bind to CD1 
receptors and are used to activate T cells or NKT cells. These 
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construct are administered directly vivo or they are useful ex 
vivo to produce a population of tumor speci?c effector T 
cells or NKT cells for adoptive immunotherapy of cancer by 
protocols given in Examples 7, 15, 16, 18-23). 
[0113] The present invention contemplates the fusion or 
coexpression Within the same cell of SAg polypeptides With 
anomeric mono and digalactosylceramides Which are 
expressed Within a tumor cell or on the tumor cell surface. 
These construct could also be effectively expressed on the 
surface of accessory cells defmed in O?ora' Dictionary of 
Biochemistry and Molecular Biology 1997 edition as any 
one of various types of cell Which assist in the immune 
response cell and includes but is not limited to DCs, ?bro 
blasts, synoviocytes, astrocytes antigen presenting cells, 
neutrophils, macrophages, basophils, eosinophils, mast 
cells, keratinocytes and platelets, as Well as fusion cells 
comprising accessory cells and tumor cells. 

[0114] The anomeric mono and digalactosylceramides 
have been shoWn to activate NKT cells and to produce an 
anti-tumor response in the context of IL-12. The galactosyl 
ceramides have several structural requirements in order to 
produce anti-tumor effects. 12. Mono and digalactosylcera 
mides require an anomeric galactose or glucose as the 
terminal sugar or inner sugar as for example anomeric 
1,6-digalactosylceramide, -anomeric 1,2-digalactosylceram 
ide, anomeric 1,4-digalactosylceramide, a diglycosylceram 
ide Wherein the inner sugar is an anomeric galactose or an 
anomeric glucose and anomeric galactosyl or anomeric 
glucosyl ceramide. In addition, the 3- and 4-hydoxyl groups 
on the phytosphingosine portion of the ceramides are pref 
erably unsubstituted, the sphingosine base length is prefer 
ably from about 10 to about 13 carbon units and the fatty 
acyl chain length is preferably in the range of about 12 to 
about 24 for optimal anti-tumor effectiveness of the mol 
ecule. 

[0115] The expression of anomeric mono- and digalacto 
sylceramides in a cell is achieved by several methods. The 
?rst involves the transfection and ampli?cation of nucleic 
acid encoding the enZymes Which synthesiZe the anomeric 
1,4-, the anomeric 1,6- or the anomeric 1,2.- mono- and 
digalactosylceramides such that these glycolipids are over 
produced. The genes for these transferase enZymes have 
been cloned. Transfection of nucleic acid encoding these 
terminal transferases into the above cells is carried out in 
vivo by the methods described in Example 1. 

[0116] Asecond method for creating cells that overexpress 
the foregoing glycolipids uses monensin or brefeldin Which 
block additional glycosylation and sialylation of the -galac 
tosylceramides, so that the mono- and digalactosylceramides 
accumulate in the cell. 

[0117] A third approach employs cells from patients With 
Fabry’s disease. These cells are genetically de?cient in the 
-galactosidase so they naturally accumulate -galactosylce 
ramides. 

[0118] In a forth technique, an -galactosidase de?ciency is 
induced in the target cell so that -galactosylceramides accu 
mulate. 

[0119] In a ?fth approach, the -galactosyltransferase is 
transfected Fabry’s disease cells, thereby adding to the usual 
accumulation due to the catabolic enZyme de?ciency. Such 
cells should have massive accumulations of -galactosylce 
ramides. 
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[0120] In a sixth approach, the desired mono- or diglyco 
sylceramide expressed on liposome surfaces are transferred 
to tumor cells lacking these structures by co-culture and 
employment of fusion techniques given in example 5. 

[0121] Nucleic acids encoding SAgs are transfected into 
the above cells Which are overexpressing, overproducing or 
otherWise accumulating mono and digalactosylceramides. 
The Golgi apparatus (or Golgi complex) is a major site of 
synthesis of the foregoing glycolipids. In the present con 
text, the SAg combines With it the mono and digalactosyl 
ceramides. From the Golgi the SAg-galactosylceramide 
conjugates or complexes, With the appropriate sorting sig 
nals, are dispatched in transport vesicles to other destina 
tions. For a SAg peptide to combine effectively With an 
-galactosylceramide, the peptide must ?rst have the appro 
priate sorting signal Which directs it to the Golgi and from 
there, after complexing With the glycolipid, to the cell 
surface. The traf?cking pathWay of SAg polypeptide from 
the ER to the Golgi does not require special signals. SAg 
polypeptides that enter the ER (and fold and assembles 
properly) Will automatically be transported through the 
Golgi apparatus to the cell surface unless they carry signals 
that either detain them in an earlier compartment en route or 
divert them (via the Golgi apparatus) to lysosomes or 
secretory vesicles. The SAg-glucosylceramide conjugates 
are routed from the Golgi to the cell surface after acquiring 
a structure like a cytoplasmic tail such as phosphoinositol 
Which assures that these molecules Will be bound in the cell 
membrane. The conjugates may also be routed to CD1 or 
MHC class I receptors, or via, the class II pathWay, to MHC 
class II receptors by associating With invariant chain or 
LAMP-1 signals as described in Section 8. 

[0122] The mono- and digalactosylceramides are capable 
of stimulating NKT cells (via an invariant chain) in the 
presence of IL-12 to produce an anti-tumor response. SAgs 
are capable of stimulating a T cell-dependent anti-tumor 
response. The present invention utiliZes tumor cells, acces 
sory cells or hybrid cells such as DC/tc, engineered to 
express SAg--galactosylceramide for anti-tumor therapy. 
These cells may be administered as a preventative or thera 
peutic vaccine (Example 29). Alternatively, they may be 
useful ex vivo to activate an NKT or T cell population for 
use in adoptive immunotherapy of cancer (Example 29). 

[0123] 8. SAg Targeting to Lysosomes 

[0124] LAMP-1 is a transmembrane protein localiZed pre 
dominantly to lysosomes and late endosomes. The cytoplas 
mic domain of LAMP-1 contains the amino acid sequence 
(SEQ ID NO:29) Tyr-Gln-Thr-Ile Whose structure conforms 
to the Tyr-Xaa-Xaa hydrophobic amino acid motif that 
mediates cell membrane internaliZation and possibly lyso 
somal targeting of several surface receptors. The intracellu 
lar targeting of LAMP-1 is controlled by the Tyr-Gln-Thr-Ile 
motif located at the C terminus of its cytoplasmic tail. 

[0125] In the present invention, nucleic acid encoding a 
SAg is fused With nucleic acids encoding the transmembrane 
and cytoplasmic tail of LAMP-1. Nucleic acids encoding the 
signal peptide (N terminal) of LAMP-1 are integrated into 
this chimeric construct. These chimeric SAg/LAMP-l 
polypeptides are targeted to endosomal and lysosomal com 
partments, thereby rerouting transfected SAg polypeptides 
into the MHC class II processing pathWay. Thus, cells such 
as tumor cells transfected With nucleic acid encoding this 




















































































































































































































