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(57) ABSTRACT 

An autologous vaccine to tumor cells is produced by trans 
ducing the tumor cells With a herpes virus amplicon con 
taining the gene for an immunomodulatory protein to pro 
vide transient expression of the immunomodulatory protein 
by the cells. The tumor cells may transduced With the herpes 
simplex amplicons ex vivo or in vivo. Suitable immuno 
modulatory proteins include cytokines, for example, inter 
leukins, interferons, and chemokines such as RANTES, 
intercellular adhesion molecules, for example ICAM-1 and 
costimulatory factors such as B7.1. The tumor cells may also 
be transduced With one or more species of amplicon con 
taining genes for tWo or more different immunomodulatory 
proteins. 
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RAPID PRODUCTION OF AUTOLOGOUS TUMOR 
VACCINES 

[0001] This application is a regular application ?led under 
35 USC § 111(a), claiming priority from US. Provisional 
Application No. 60/044,005 ?led Mar. 21, 1997. 

[0002] The Work described in this application Was sup 
ported in part by NIH Grants Nos. CA76416, CA72632, HD 
31300, DK53160, and POI CA59326. The United States 
government may have certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] Cytokine gene transfer to tumor cells has been used 
to increase local production of these immune modulating 
proteins, With the aim of enhancing tumor immunogenicity 
and consequent host recognition and elimination of tumor 
(Dranoff et al. 1993; Gansbacher et al. 1992). Production of 
irradiated, non-dividing tumor cells secreting cytokines such 
as Interleukin-2 (IL-2), gamma-interferon (y-IFN), or granu 
locyte macrophage-colony stimulating factor (GM-CSF) 
represents a potential therapeutic strategy for treatment of 
malignant disease (Saito et al. 1994; Dranoff et al. 1993; 
Gansbacher et al. 1992), and one that is currently being 
evaluated in clinical trials (LotZe et al. 1994; Seigler et al. 
1994; Rosenberg et al. 1992). Many methods have been 
examined for gene transfer (Davidson et al. 1993; DraZan et 
al. 1994; Yang et al. 1995; Paquereau & Le Cam, 1992; 
Jarnagin et al. 1992); the most successful have been those 
using retroviral vectors (Dranoff et al. 1993; Gansbacher et 
al. 1992). 
[0004] An impediment to the production of autologous 
tumor vaccines has been logistic problems surrounding gene 
transfer to freshly harvested tumors. The most Widely uti 
liZed approach for gene transfer to tumors relies on retroviral 
vectors, Which are relatively inef?cient and require replicat 
ing cells for gene expression (Wilson et al. 1988). The 
production of an autologous vaccine using retroviral vectors 
requires placing harvested tumor in tissue culture before in 
vitro transduction, selection, and isolation of the minority of 
cells in Which gene transfer Was successful. Such a process 
is therefore lengthy, expensive, and fraught With technical 
problems of establishing and maintaining primary cell cul 
ture. These dif?culties have forced investigators to examine 
as alternative vaccine strategies the administration of estab 
lished allogeneic cytokine secreting tumor cell lines (Patel et 
al. 1994), use of other vectors for gene transfer such as 
adenoviral vectors (DraZan et al. 1994; Yang et al. 1995), or 
the administration of cytokine-producing ?broblast cell lines 
along With the autologous tumor cells (LotZe et al. 1994). 

[0005] It is an object of the present invention to provide a 
method for rapid production of autologous tumor vaccines 
Which can be completed Within hours, for example in less 
than four hours, permitting rapid treatment of tumor 
patients. 
[0006] It is a further object of the invention to provide a 
method for rapid production With autologous tumor vaccines 
Which can be applied to tumor cells in vivo Without requiring 
surgical removal of tumor material. 

[0007] It is still a further object of the present invention to 
provide compositions useful in the methods of the invention. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the present invention an autolo 
gous vaccine to tumor cells is produced by transducing the 
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tumor cells With a herpes simplex virus amplicon containing 
the gene for an immunomodulating protein to provide tran 
sient expression of the immunomodulating protein by the 
cells. The tumor cells may be transduced With the herpes 
simplex amplicons ex vivo or in vivo. Preferred immuno 
modulating protein used in the method of the invention 
include cytokines such as RANTES (a chemokine), inter 
leukin-2 and GM-CSF, intracellular adhesion molecules 
such as ICAM-1, and costimulatory factors such as B7.1. 

[0009] A particularly important aspect of the present 
invention is the fact that tumor cells may be readily trans 
duced With a combination of amplicons containing genes for 
tWo or more different immunomodulating proteins, for 
example interleukin-2 and interleukin 12 or RANTES and 
B7.1. This greatly facilitates the production of multiply 
transduced cells for multi-targeted therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIGS. 1A-E summariZe the results of studies on the 
ef?ciency of gene transfer using HSV amplicons according 
to the invention; 

[0011] FIGS. 2A-C summariZe the effects of irradiation or 
gene transfer efficiency; 

[0012] FIGS. 3A-C illustrate the tumoricidal activity sple 
nocytes from mice treated by intrasplenic injection With 
HSV amplicon transduced tumor cells; 

[0013] FIG. 4 summariZes the results of studies on the 
ef?ciency of gene transfer using HSV amplicons according 
to the invention; 

[0014] FIG. 5 illustrates the effect of transduced cells on 
tumor groWth; 

[0015] FIG. 6 illustrates the effects of transduced cells on 
hepatectomy induced tumor formation; 

[0016] FIG. 7 shoWs the amount of human ICAM-1 found 
in cell culture supernatants for transduced cells; 

[0017] FIG. 8 shoWs the adhesion index for adhesion of 
lymphocytes to hepatoma cells transduced With HSVhl 
CAM1 versus controls; 

[0018] FIG. 9 shoWs tumor groWth in rats injected With 
hepatoma cells transduced With HSV-hlCAM1 versus con 

trols; 
[0019] FIG. 10 shoWs tumor nodules formed in rat liver 
after vaccination With radiated (nonviable) HSVhlCAM1 
transduced hepatoma cells folloWed by challenge With 
viable hepatoma cells; 

[0020] FIG. 11 shoWs the structure of several HSV-im 
munomodulatory protein amplicons in accordance With the 
invention; 
[0021] FIGS. 12A-C shoW B7.1 expression in EL4 cells 
transduced With HSVB7.1 versus controls; 

[0022] FIGS. 13A and B shoW tumor siZe in intratumor 
ally-treated tumors and contralateral tumors, respectively; 
and 

[0023] FIGS. 14A-D shoW CTL activity observed in sple 
nocytes from mice receiving HSVB7.1 or HSVrantes alone 
or in combination, versus an HSVlac control. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] Herpes simplex virus (HSV) is a DNA virus 
capable of rapidly and ef?ciently infecting a Wide variety of 
cell types (Leib & Olivo, 1993; Geiler & Federoff, 1991). 
Plasmid-based viral vectors derived from HSV, termed 
amplicons, are easily constructed and packaged into viral 
particles. The present invention uses herpes simplex virus 
amplicons containing genes encoding for immunomodulat 
ing proteins to transduce tumor cells With high ef?ciency 
either ex vivo or in vivo. 

[0025] As used herein, the term “immunomodulating pro 
teins” refers to a class of protein or peptide molecules Which, 
When expressed by a target cell, enhance the development of 
an immune response to that cell. The term includes cytok 
ines, including chemokines; intercellular adhesion mol 
ecules, and costimulatory factors necessary for activation of 
B or T cells. 

[0026] Cytokines Which may be used as immunomodulat 
ing proteins in the invention include but are not limited to 
interleukins, such as interleukin-2 (IL-2), interleukin-12 
(IL-12); interferons, for example gamma interferon (y-IFN), 
granulocyte macrophage colony-stimulating factor (GM 
CSF) and tumor necrosis factor alpha (TNF-ot). The immu 
nomodulating protein may also be a chemokine such as 
RANTES, Which is a [3 or C—C chemokine, that functions 
as a chemoattractant and activator for monocytes and mac 

rophages. Other C—C chemokines, such as MCP-1, -2, and 
-3, DC-CK1 and MIP-1ot, -3ot, -[3 and -3[3, and or or 
C—X—C chemokines such as IL-8, SDF-1[3, 8DF-1ot, 
GRO, PF-4 and MIP-2 could also be used. Other chemok 
ines useful in the method are C family, for example lym 
potactin and CX3C family, for example fractal kine, 
chemokines. 

[0027] Intercellular adhesion molecules are transmem 
brane proteins Within the Ig superfamily that act as media 
tors of adhesion of leukocytes to vascular endothelium and 
to one another. A preferred intercellular adhesion molecule 
for use in the invention is ICAM-1 (also knoWn as CD54), 
although other cell adhesion molecules that binds to T or B 
cells, including ICAM-2 and -3 could also be used. 

[0028] Costimulatory factors Which may be used as the 
immunomodulatory protein in the present invention are cell 
surface molecules other than an antigen receptor and its 
ligand that are required for an ef?cient response of lympho 
cytes to an antigen. Examples of such costimulatory factors 
include B7 (also knoWs as CD80). 

[0029] HSV vector systems are ef?cient vehicles for gene 
transfer to tumor cells. In experiments using HSVlac, over 
50% of the target cells are transduced using an MOI of 1. 
The ef?ciency of transduction is further re?ected by the high 
levels of IL-2 produced by HSVil2-transduced cells. Pro 
duction of levels greater than 1 pig/106 cells/24 hour Was 
found, Which is more than 30 times that achieved by 
retrovirally-produced vaccines (Patel et al. 1994; Gan 
sbacher et al. 1992). Additionally, the data from the experi 
ments With HSVil2-transduced human tumors demonstrate 
that successful HSV-mediated gene transfer to freshly-iso 
lated tumor cells can also be used to produce genetically 
engineered cells that secrete signi?cant amounts of bioactive 
IL-2. 
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[0030] A major advantage of using HSV vectors for gene 
transfer is the ability to transduce non-replicating or sloWly 
replicating cells (Geller & Federoff, 1991). This physical 
property of HSV translates into important clinical advan 
tages. Freshly isolated tumor cells may be transduced With 
out the need to provide a tissue culture environment con 
ducive to cell replication. This advantage is clearly 
demonstrated by the rapidity With Which freshly harvested 
human tumors Were transduced in the current experiments. 
Within 20 min, ef?cient gene transfer Was produced, sug 
gesting that vaccines prepared by this method could be ready 
for administration to patients Within a single operative 
procedure. That HSV-mediated gene transfer is independent 
of cell division and is supported by a transduction ef?ciency 
that Was not reduced by prior irradiation of tumor cells. 
Thus, gene transfer to tumor cells may be performed either 
before or after radiation according to irradiation source 
availability, providing greater ?exibility in the clinical care 
of patients. 

[0031] HSV-immunomodulatory protein amplicons and 
cells transduced With such amplicons are able to confer 
speci?c antitumor immunity that protects against tumor 
groWth in vivo. The amplicons may be introduced indirectly 
by administration of transduced cells into a living organism 
or patient (mammalian, including human). Alternatively, the 
HSV-immunomodulatory protein amplicon may be intro 
duced directly into tumor tissue (eg by peritumoral injec 
tion) Within a living organism or patient to generate an 
antitumor immunity Which leads to reduction in tumor siZe. 
This latter approach is useful, for example, in the case of 
inoperable tumors. 

[0032] In accordance With the present invention, HSV 
immunomodulatory protein amplicons may be administered, 
directly or indirectly, as individual species in order to 
provide a therapeutic and/or prophylactic bene?t. For 
example, as described in the examples set forth herein, it has 
been determined that administration of HSV-immunomodu 
latory protein amplicons encoding cytokines such as IL-2, 
GM-CSF and RANTES, intercellular adhesion molecules 
such as ICAM-1 and costimulatory factors such as B7.1 all 
provide therapeutic bene?t in the form of reduction or 
preexisting tumor siZe, a vaccine-effect protecting against 
tumor groWth after a subsequent challenge, or both. 

[0033] HSV-immunomodulatory protein amplicons may 
also be administered, directly or indirectly, With other spe 
cies of HSV-immunomodulatory transduced cells or in com 
bination With cytokine therapy. Such administrations may be 
concurrent or they may be done sequentially. Thus, in one 
embodiment of the invention, HSV amplicons or cells 
transformed With an HSV amplicon encoding an immuno 
modulatory protein are injected into a living organism or 
patient, after a pre-treatment With a therapeutically effective 
amount of a cytokine. Both HSVil2 and HSVgm-csf have 
been shoWn to have increased efficacy When administered 
folloWing a pretreatment of y-IFN. 

[0034] In another embodiment of the invention, popula 
tions of HSV amplicons or cells transduced With HSV 
amplicons encoding a plurality of different immunomodu 
latory proteins may be coadministered to the subject. For 
example, populations of tumor cells transduced With HSVil2 
and HSVil12 may be coadministered. As shoWn in the 
examples, such coadministration is someWhat more effective 
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than administration of individual populations. Coadminis 
tration of cells expressing these tWo cytokines appears to be 
most effective, hoWever, When a single population of cells 
that has been transduced With tWo different cytokine-encod 
ing amplicons is used. Such populations can be made either 
With separate amplicons species, one encoding each immu 
nomodulatory protein, or Which a single amplicon species 
encoding a plurality of immunomodulatory proteins. 

[0035] The ability to use separate amplicon species to 
transduce cells to produce multiple immunomodulatory pro 
teins is a major advantage over prior methods, such as use 
of retroviral vectors, for introduction of genetic material into 
target cells. In these prior methods, the frequency of trans 
duction is so loW that no reasonable percentage of cells 
Would be tranduced With multiple genes if tWo or more 
separate viral vectors Were used. Therefore, therapies of this 
type require the preparation of a unique and complicated 
construct containing multiple genes for each separate form 
of multi-targeted gene therapy. Using the method of the 
present invention, hoWever, each target gene can be con 
structed in its oWn amplicon, and multi-transduced cells 
produced by simply mixing combinations of desired ampli 
con species. 

[0036] Another example of the bene?ts of coadministra 
tion of a plurality of HSV-immunomodulatory protein 
amplicons is seen With the chemokine RANTES and the 
costimulatory factor B7.1. Although peritumoral adminis 
tration of either HSVB7.1 or HSVrantes resulted in tumor 
rejection is a signi?cant number of test subjects, When HSV 
amplicons encoding these tWo immunomodulatory proteins 
are combined, an increased number of animals reject the 
tumors. 

[0037] Thus, the present invention provides a method for 
production of autologous vaccine to tumor cells comprising 
transducing the tumor cells With a herpes simplex virus 
amplicon containing the gene for an immunomodulatory 
protein to provide transient expression of the immunomodu 
latory protein by the cells. The tumor cells may be trans 
duced With the herpes simplex amplicons ex vivo or the may 
be transduced With the herpes simplex amplicons in vivo. 
The tumor cells may be transduced With one or more species 
of amplicon containing the genes for more than one kind of 
immunomodulatory protein and expressing more than one 
kind of immunomodulatory protein. 

[0038] The invention also provides a method for inducing 
a protective immune response to tumor cells in a patient 
(animal or human) comprising the step of transducing the 
tumor cells With a herpes simplex virus amplicon containing 
the gene for at least one immunomodulatory protein to 
provide transient expression of the immunomodulatory pro 
tein by the cells. The tumor cells may be transduced With the 
amplicon ex vivo, in Which case the method further com 
prises the step of introducing the transduced tumor cells into 
the patient. The tumor cells may also be transduced in vivo 
by injecting the HSV amplicons into the site of the tumor 
cells. 

[0039] The invention also provides a method for produc 
tion of an autologous vaccine to tumor cells comprising 
transducing the tumor cells With one or more species herpes 
simplex virus amplicon containing the gene for an immu 
nomodulatory protein and at least one additional therapeutic 
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gene to provide transient expression of the immunomodu 
latory protein and the therapeutic gene product by the cells. 
As noted from the speci?c examples in this application, the 
additional gene may be a gene encoding a second immuno 
modulatory protein. HoWever, the therapeutic gene product 
is not limited to immunomodulatory proteins, and may 
include any protein or peptide Which it is desirable to have 
expressed by autologous tumor vaccine cells. Thus, for 
example, the gene might code for an enZyme Which is used 
for pro-drug conversion (for example, thymidine kinase), or 
for a protein Which promotes apoptosis (BAX or BCLXS). 

[0040] The invention also provides HSV amplicons Which 
contain the gene for one or more immunomodulatory pro 
teins, and cells transduced With such amplicons. 

[0041] The invention Will noW be further described With 
reference to the speci?c examples Which folloW. It should be 
understood, hoWever, that these are merely offered as 
examples and are not intended to limit the scope of the 
invention. Thus, other immunomodulatory proteins not spe 
ci?cally mentioned, and other combinations of immuno 
modulatory proteins, including combination of three or more 
immunomodulatory proteins may be used and are consid 
ered to be Within the scope of the present invention as 
de?ned in the claims of this application. 

EXAMPLE 1 

[0042] Herpes viral vectors: construction and packaging: 
The replication defective HSV amplicon vector expressing 
human IL-2 Was constructed by directionally cloning the 
gene, excised from r-IL-2 (Saito et al. 1994) With Sac I and 
EcoRI, into HSV PrPUC (Bergold et al. 1993) digested With 
the same enZymes. The HSV vector expressing [3-galactosi 
dase (HSVlac) has been previously described (Geller & 
Breake?eld, 1988). Both amplicon vectors Were packaged as 
previously described (Federoff, 1996; Geller & Breake?eld, 
1988). HSVPrPUC contains the HSV immediate early 4/5 
promoter, a multiple cloning site and SV40 A sequence and 
has been described previously (Paterson & Everett, 1990; 
Johnson et al. 1992; Xu et al. 1994; Linnik et al. 1995; 
Bergold et al. 1993). The RR1 cells used for packaging HSV 
amplicons Were maintained in Dulbecco’s modi?ed Eagle’s 
medium (DMEM) containing high glucose (HG, 4.5 g/l), 
10% FCS, 1% penicillin/streptomycin and 400 pig/ml of 
bioactive geneticin (G418, Gibco) at 37° C., 5% CO2. RR1 
cells are BHK cells stably transfected With the HSV IE3 
gene and Were obtained from Dr. Paul Johnson (Johnson et 
al. 1992). D30 EBA helper virus Was prepared by groWth on 
RR1 cells. D30EBA is a strain 17 derived IE3 mutant 
deleted from codons 83 to 1236 and Was obtained from Dr. 
Roger Everett (Paterson & Everett, 1990). To package 
amplicon vectors, 3><106 RR1 cells Were plated in media 
containing 10% FCS and 4 h later Were transfected by 
adding 40 pl of Lipofectin (Gibco-BRL), Waiting 5 min and 
then adding the amplicon DNA solution dropWise (30 pg at 
1 pig/pl in DMEM). Six hours later, plates Were fed With 
media containing 5% FCS. Approximately 20 h after trans 
fection, D30 EBA virus in 50-100 pl Was added to achieve 
a multiplicity of infection (MOI) of 0.2. Five ml of complete 
media With 5% FCS Were added to each plate after 1 h. 
Amplicon virus stocks Were harvested 2 days later. After 
overnight storage at —70° C. fresh RR1 cells (><106 cells/60 
mm plate) Were infected With sonicated and Warmed (34° C.) 
virus stock. TWo days later, the stocks Were harvested and 
stored for subsequent use. HSVlac virus stocks Were titered 
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by an expression assay. In brief, NIH 3T3 cells Were plated 
(2><105 cells per Well of 24 Well plate) and infected With 
increasing volumes of an HSV amplicon virus stock in 
duplicate. TWenty-four h after infection, cells Were ?xed and 
stained With the chromogenic substrate 5-bromo-4-chloro 
3-indolyl [3-D-galactoside (X-gal) using standard methods 
(Geller & Breake?eld, 1988). The number of X-gal4 (blue) 
cells Were counted. Titers are expressed as the number of 
blue forming units/ml. The D30 EBA helper virus in each 
stock Was titered by plaque assay on RR1 cells, and HSVil2 
Was titered by a slot blot assay as described previously 
(GeschWind et al. 1994). For slot blot analysis, viral DNA 
Was extracted from packaged virus by phenol/chloroform 
tWice, ethanol precipitated With single strand calf thymus 
DNA as carrier, denatured at room temperature With 0.2 N 
NaOH, 0.5 M NaCl for ten minutes and loaded on nylon 
membrane With a slot blot apparatus. The membrane Was 
then baked for 2 hours at 65° C., and probed With a 
[32P]-labeled 435 bp SSpI and PVuI fragment containing 
part of the [3-lactamase gene from pBR322 (nucleotides 
3733-4168). After stringent Washing (0.1><SSC tWice for 15 
minutes), blots Were exposed to X-Ray ?lm and various 
timed exposures taken and densitometrically scanned (LKB 
Ultrascan). Band densities betWeen HSVlac and HSVil2 
Were compared and the titer of HSVil2 calculated from the 
density relative to HSVlac given that this latter amplicon 
Was titered by an expression assay (blue forming units on 
NIH 3T3 cells). The titers of HSVil2 are expressed as 
particles/ml. 
[0043] Titers of amplicon stocks: HSVlac titers Were 
betWeen 2><106 blue forming units/ml as titered by expres 
sion and X-gal histochemistry on NIH 3T3 cells. The 
HSVil2 titers, determined by slot blot (described above), 
Were betWeen 0.8 and 2><106 particles/ml. D30EBA titers in 
stocks ranged betWeen 5><106 to 6><107 plaque forming 
units/ml. Recombination for Wildtype revertants Was moni 
tored by plaque assay on Vero cells and occurred at a 
frequency of 1x106. 

EXAMPLE 2 

[0044] Murine hepatoma cells Were transduced ex vivo 
using amplicons prepared as in example 1. Murine HEPA 
1-6 hepatoma cells (ATCC, Rockville, Md.) Were main 
tained in DMEM+HG+10% FCS. This is a non-immuno 
genic hepatoma cell line (Engvall et al. 1977). Cells Were 
plated at either 2 or 10><105 cells/Well for all virus expression 
studies. In some experiments, cells Were irradiated 2 h after 
plating and then infected With HSV amplicon stocks. In 
other experiments, cells Were irradiated 1 h after infection 
With HSV amplicon stocks. Hepatoma cells Were irradiated 
at room temperature With a 6 mV Varian CL6-100 linear 
accelerator at a dose-rate of 100 rads/min. To assess the 
rapidity of HSV amplicon gene transfer, hepatoma cells 
Were exposed to vector stocks for either 20 or 60 min, 
Washed extensively and cultured. After an additional 48 h, 
cells Were histochemically stained With X-gal (HSVlac) or 
media assayed for IL-2 (HSVil2). In some experiments 
tumor cell lysates Were prepared by suspension in a solution 
containing 0.15 M NaCl, 50 mM Tris, 1% NP-40, 4 mM 
NaF, pH=8, and assayed for IL-2. Additionally, representa 
tive samples Were harvested 48 hours after treatment and 
viable tumor cells counted. 

[0045] The results of these experiments on the ef?ciency 
of gene transfer according to the invention are summariZed 
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in FIGS. 1A and B. As shoWn, both the HSVlac and 
HSV-IL-2 amplicon stocks gave maximum transfer ef?cien 
cies at an MOI of 1 or greater. In HSVlac infected cultures 
(FIG. 1A), greater than 50% of the hepatoma cells 
expressed the reporter gene, [3-galactosidase. FeWer cells 
(30%) expressed [3-galactosidase When infected at an MOI 
of 0.5. HSVil2 infected cultures (FIG. 1B, MOI 1.0)secreted 
1,2001160 ng/106 cells/24 hours. The immunoreactive IL-2 
detected by ELISA Was con?rmed to be bioactive by the 
CML assay. Each 50 pg of immunoreactive IL-2 Was equiva 
lent to approximately 1 unit of bioactivity. The extent of 
gene transfer Was equivalent at Whether virus exposure Was 
20 or 60 minutes (FIGS. 1C and D), indicating that virtually 
all infectious HSV virions adsorb to cells Within 20 min. In 
addition, rapid gene transfer Was not a function of MOI, 
since expression Was comparable in 20 and 60 min expo 
sures periods at both MOIs tested (0.5 and 1.0, FIGS. 1C 
and D). 

[0046] Although IL-2 secretory rates from HSVil2-in 
fected hepatoma cells Were appreciable and in the range 
previously demonstrated to be immunomodulatory, it Was 
possible that additional IL-2 might remain in an intracellular 
compartment. To address this issue, IL-2 measurements 
Were made on infected cell lysates and compared With the 
levels found in media conditioned by these cells (FIG. 1E). 
The amount of IL-2 secreted in a 24 hour period Was 
approximately 10-fold greater than the cellular content 
(media: 1400:100 ng/106 cells/24 h, lysate: 100:9 ng/106 
cells/24 h), suggesting the that the murine hepatoma cells 
ef?ciently secreted the cytokine. 

[0047] Because radiation treatment of tumor cells has been 
vieWed as an important part of producing non-dividing 
tumor vaccines, the affects of the timing of cell irradiation 
relative to HSV infection on gene transfer ef?ciency Was 
investigated. As shoWn in FIGS. 2A and B, irradiation prior 
to (broken lines) or just after (solid lines) HSV infection 
produced similar gene transfer efficiencies. Although there 
Was a trend to higher gene transfer and expression levels in 
cells infected prior to irradiation, this difference Was not 
signi?cant. This trend toWards higher gene transfer in cells 
infected prior to irradiation Was not due to a difference in 
cell viability (Table 2). Of particular interest Was the obser 
vation that cells irradiated at different doses secreted levels 
of IL-2 that Were comparable to non-irradiated cells (FIG. 
2C). Moreover, although irradiation affects cellular replica 
tion functions, it appears to have no affect on the biogenesis 
of secreted IL-2. 

EXAMPLE 3 

[0048] Human tumor cells Were transduced in vitro using 
an amplicon containing the interleukin-2 gene produced in 
accordance With Example 1. This study Was performed With 
approval and under the guidelines of the Institutional 
RevieW Board of the Memorial Sloan-Kettering Cancer 
Center. Tumor biopsies of approximately 5 grams Were 
obtained from four patients undergoing liver resection for 
hepatobiliary malignancies. The patient characteristics are 
listed in Table 1. All specimens Were removed prior to any 
vascular interruption or Pringle maneuvers. Histologic veri 
?cation of tumor Was obtained in all cases. Tumor specimens 
Were immediately placed in cold (4° C.) RPMI-1640 for 
transport to the laboratory. Each specimen Was then mixed 
into ?ne pieces and treated With 0.125% trypsin/0.125% 
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EDTA in PBS Without Ca“ or Mg“ for 5 min. The treated 
tumor Was then teased apart and ?ltered through a sterile 85 
pm nylon mesh into RPMI-1640 medium (4° C.) containing 
10% human serum. Freshly-isolated cells in suspension 
Were irradiated at 10,000 rads at room temperature With a 
6-mV Varian CL6-100 linear accelerator at a dose rate of 100 
rads/min. Aliquots of 106 tumor cells Were then infected With 
HSV amplicon stocks for 20 min. Aliquots or non-irradiated 
cells Were treated similarly and served as controls. After 
exposure to virus, tumor cells Were Washed tWice and 
cultured at 3° C., 5% CO2. Forty-eight h after transduction, 
media from each Well Was harvested and assayed for IL-2. 

[0049] While no IL-2 Was produced by any of these tumor 
cells prior to HSVil2 infection (Table 1), infection With 
HSVil2 resulted in IL-2 production by cells from all four of 
the tumors. In addition, as With the murine hepatoma cell 
lines, ef?ciency of gene expression Was unaffected by irra 
diation With 10,000 rads. Finally, it is noteWorthy that the 
entire procedure, including the radiation time, required less 
than 4 h, a time period that Would be commensurate With 
intraoperative autologous vaccine generation, alloWing 
potential reimplantation into exposed tumor sites during the 
same operative procedure. 

EXAMPLE 4 

[0050] Media and cell lysate from HSVil2-transduced 
tumor cells Were harvested at 48 h and immediately froZen 
at —70° C. until assay. Immunoreactive IL-2 levels Were 
determined by standard sandWich ELISA (Biosource Inter 
national, [text missing or illegible when filedlamartlo, 
Calif.). The total IL-2 produced in the forty-eight hours of 
cell culture Were divided by tWo to arrive at average pro 
duction per tWenty-four hours. Interleukin-2 bioactivity in 
the supernatant or cell lysate Was also determined by assess 
ing their ability to induce proliferation of (TLL 2 cells in a 
standard cell mediated lympholysis (CML) assay (Zier, 
1982). Brie?y, 5><105 CTIL-2 cells Were mixed With serial 
dilutions of test samples and cultured at 37° C., 5% CO2. 
After 24 h, cell viability Was measured by MTT (3-[4,5 
dimethylthiaZol-2-yl]-2,5-diphenyltet[teXt missing or 
illegible when filed]ium bromide; 5 mg/ml) incorpora 
tion. Recombinant human IL-2 (Chiron Corporation, 
Emeryville, Calif.) is used as an internal standard. Units are 
given as Cetus units. 

EXAMPLE 5 

[0051] To evaluation transduction ef?ciency, histochemi 
cal analysis Was performed on tumor cells transduced With 
HSVlac. The cells Were ?xed at 48 h and histochemically 
stained With X-gal (Dannenberg & Suga, 1981). Brie?y, 
plates containing transduced cells Were ?xed for 5 min With 
1% glutaraldehyde, Washed 3 times With PBS, then incu 
bated With X-gal solution (X-gal (pH=7.4)[1 mg/ml] in PBS 
containing 2 mM MgCl2, 5 mM K4Fe(CN)6, and 5 mM 
K4Fe(Cn)6-3H2O). Total cells and blue cells Were counted 
and transduction ef?ciency expressed as percent of total 
cells that Were blue. 

EXAMPLE 6 

[0052] To determine the in vivo effects of tumor vaccines 
produced using HSV-mediated gene transfer, syngeneic 
C57B1/6j mice Were immuniZed using murine HEPA 1-6 
hepatoma cells radiated With 10,000 rads and then exposed 
to HSVil2 at an multiplicity of infection (MOI) of 1 for 
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tWenty minutes. The hepatoma cells (106 cells) Were Washed 
thrice With media after the tWenty minute viral exposure and 
immediately injected either 1) subcutaneously, 2) intraperi 
toneally, or 3) intrasplenicly. Animals Were given either a 
single injection or a daily injections on three consecutive 
days (three injections total). As controls, animals Were 
injected With 1) media (media-control), or 2) a similar 
number of radiated tumor cells exposed to HSVlac (MOI= 
1), namely HSV carrying no cytokine genes (HSV-control). 
Animals Were sacri?ced three Weeks later and splenocytes 
harvested for assessment of speci?c and non-speci?c tumor 
cell kill by coincubation With hepatoma for assessment of 
speci?c tumoricidal activity, K562 erythroblastic cell line 
for assessment of NK activity, or a syngeneic colorectal 
tumor cell line CO51 (ATCC; Rockville, Md.) for further 
assessment of non-speci?c tumoricidal activity. 

[0053] In order to determine if vaccinations With HSV 
modi?ed tumor vaccine may alter in vivo response to tumor, 
C57B1/6j mice Were immuniZed by intrasplenic injection 
With 1) 106 radiated tumor cells exposed to HSV carrying no 
cytokine genes (HSV-control), or 2) 106 radiated, IL-2 
secreting hepatoma cells. Three Weeks later, the animals 
Were injected intraportally With 106 replicating hepatoma 
cells to determine host response to tumor. Three Weeks after 
this tumor challenge, all animals Were sacri?ced, and tumor 
groWth in the liver assessed. 

[0054] Splenocyte isolation Was carried out as folloWs. 
Spleens Were harvested from pentobarbital anesthetiZed 
animals under sterile conditions. Each spleen Was placed in 
a petri dish containing 10 ml of PBS, brought into the hood 
and transferred to a neW petri dish With 10 ml of RPMI+10% 
FCS+50 pig/ml gentamicin. Splenocytes Were Washed from 
the spleen by repeated injection With media. Cells Will be 
spun (300 g, 5 min) and resuspended in 5 ml of red blood 
cell lysis solution (pH=7.4) (0.15 M NH4Cl, 1.0 mM 
KHCO3, 0.1 mM NaZEDTA). After 1 min, solution Were 
diluted With 5 ml of RPMI, 10% FCS. Cells Will be spun 
(300 g, 10 min) and Washed 2>< With media. Cells Were then 
resuspended in 30 ml of RPMI+10% FCS+50 pig/ml gen 
tamicin+30 U/ml IL-2 (Chiron Corp, Emeryville, Calif.) and 
kept in culture for 2 d prior to use. Prior to assay, cells Were 
spun, resuspended, counted and volume adjusted to form the 
appropriate concentration. 

[0055] The experiments summariZed above examining the 
effects of the route and number of injections on immuniZa 
tion, by the subcutaneous route or intraperitoneal route, 
shoWed that three injections Were necessary for speci?c 
tumor immunity. HoWever, for the intrasplenic route, the 
hepatoma cell line tested elicited speci?c immunity With a 
single injection (FIGS. 3A-C, FIG. 3A presents data for 
HEPA 1-6 targets; FIG. 3B for K562 targets and FIG. 3C 
for C051 targets). This is the reason that the intrasplenic 
route Was used for the subsequent experiment examining the 
effects of immuniZation on in vivo tumor groWth. 

[0056] Mice pretreated by intrasplenic injection of either 
1) irradiated, HSV-treated tumor (HSV-control) or 2) irra 
diated, HSVil2 treated tumor Were subsequently challenged 
With intraportal injection of 106 replicating tumor cells to 
determine the effects of immuniZation on tumor groWth. 
ImmuniZation using irradiated IL-2 secreting tumor cells 
produced by HSV-mediated gene transfer conferred in vivo 
antitumor effects. In animals treated With HSV-control, 


























