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ABSTRACT 

The ability of specific cytokines to increase the immunogenicity of poorly or non-

inununogenic tumors is of extremely important clinical value because it can be exploited in 

the generation of an efiective antitumor vaccine as a potential modality for treating cancer. 

In this scenario, the patient's tumor cells are transfected with the cytokine gene of interest, 

irradiated and re-injected into the patient as a vaccine with the potential of eliminating 

tumor recurrence or metastatic foci. 

Interferon-y (IFNy) is an important cytokine whose immunomodulatory properties 

include activation of immune cells and induction of class I and class Q major 

histocompatibility complex antigens. Therefore, IFNy represents one of the most suitable 

candidates for a cytokine-transfected-tumor vaccine approach. In this study a retroviral 

vector was used to introduce the IFNy gene into a murine mammary carcinoma cell line 

(EMT6), poorly responsive to exogenous IFNy stimulation, to assess the effect of IFNy 

transgene expression on tumor immunogenicity. Transductants expressed the IFNy 

transgene, class IIMHC antigens and secreted IFNy. The induction of class 11MHC in 

IFNy-transduced cells correlated with expression of a mouse class n transactivator 

(CnTA), a cytoplamic protein involved in the activation pathway of class II MHC gene. 

Whereas parental EMT6 cells grew unchecked, the growth of genetically modified tumor 

cells was inhibited in immunocompetent mice. Similar findings were demonstrated using 

an IFNy gene-transduced melanoma cell Ime. Rechallenge of animals that rejected an 

IFNy-transduced EMT6 clone with parental EMT6 cells resulted in tumor rejection. 



suggesting that IFNy-transduced EMT6 cells were able to induce long term immunity. 

Vaccination of animals with low dose cytokine-transduced cells induced partial or 

complete protection against rechallenge with parental cells suggesting that significant 

clinical benefit may be achieved using a small fraction of cytokine-transduced cells as a 

vaccine. In addition, these studies demonstrated that the immunogenicity of tumor cells 

poorly responsive to exogenous IFNy can be enhanced by inserting and expressing the 

EFNy transgene. IFNy-transduced cells expressing class II MHC may fiinction as antigen 

presenting cells by presenting tumor associated antigens, suggesting a role for class II 

MHC in reducing EMT6 tumorigenicity and inducing long term tumor immunity. 



CHAPTER 1 

INTRODUCTION 

Literature Review 

Although some tumors can be treated by surgery, chemotherapy, or radiation, the 

majority of cancers progress, metastasize and are ultimately fatal. The failure to generate a 

cure for cancer is primarily related to the ability of most tumors that arise spontaneously 

to be poorly irmnunogenic (1,2) and thus eflBciently escape the immune response. Tumor 

progression occurs in spite of the fact that tumors have been found to be infiltrated by 

immune cells such as lymphocytes, macrophages, natural killer cells (NK), neutrophils, and 

eosinophils (3-9). This suggests that although an anti-tumor response may be generated, 

rapidly growing tumors are able to overcome the ability of the host to eliminate them. 

Some of the strategies employed by tumors to escape immune recognition include 

downregulation of expression of tumor associated antigens (10, 11), downregulation of 

MHC expression (12-18) and/or absence of costimulatory molecules such as B7 (CD80) 

(19-21), necessary for proper stimulation of T cell responses. Furthermore, tumors can 

downregulate the anti-tumor immune response by inducing suppressor cells (22) or 

secreting substances such as transforming growth factor beta (TGPP) (23, 24), 

granulocyte-macrophage colony stimulating factor (GM-CSF), (25) or prostaglandin 

(PGE) (26) capable of inducing immune supression. 

The finding that immunomodulatory cytokines such as interleukin (IL)-2, IL-4, IL-7, 

GM-CSF, interferon gamma (IFNy), and tumor necrosis factor alpha (TNFa) (27-29) are 
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able to enhance anti-tumor responses by activating T cells, NK cells, and macrophages led 

to their use in the treatment of cancer. 

Immunostimulatory cytokines such as JL-2 or interferon alpha (IFNa) alone or in 

combination have been employed in the treatment of melanoma, renal cell carcinoma, 

colon cancer, and lymphoma (30, 31) with a response rate between 20-30%. Interferon 

alpha has been very effective in the treatment of hairy cell leukemia resulting in partial or 

complete responses in 75% of patients. The cytokine is also effective in the therapy of 

chronic myelogenous leukemia, resulting in complete hematological remission in 70% of 

patients (32). Interferon alpha has also been used to treat ovarian cancer with significant 

responses (45%) and in bladder cancer, resulting in partial or complete responses (15-

27%) (33). Interferon gamma has been utilized in the therapy of renal carcinoma, 

melanoma, colon cancer, Kaposi Sarcoma, and hepatocellular carcinoma with no 

significant benefit (34). Tumor necrosis factor alpha, a cytokine with direct anti-tumor 

effects has been employed in the treatment of several types of cancer such as melanoma, 

sarcoma, renal cell cancer, colon cancer, and bladder cancer (35). Few cases of complete 

responses were observed in melanoma and sarcoma patients and only partial responses 

were reported in the remaining malignancies. Whereas IL-4 has been utilized in the 

treatment of renal cell cancer and melanoma with no clinical benefit, some clinical benefit 

in patients with Hodgkin's and non-Hodgkin's lymphoma has been reported (36, 37). 

A major drawback that has hampered the use of cytokine therapy in the treatment of 

cancer is the severe systemic toxicity associated with high dose bolus or continuous 

intravenous infiision of cytokines. This is a consequence of the necessity of using large 



amounts of cytokines to elicit an optimal immune response at the tumor site (38). 

Administration of high dose IL-2 or IL-4 for example, has been associated with vascular 

leak syndrome in which fluid and proteins extravasate into the interstitium leading to 

pubnonary, cardiovascular, renal, and neurological dysfunction (39,40). 

In order to avoid the toxicity associated with high dose cytokine therapy of cancer, 

cytokines could be delivered directly at the tumor site. Local delivery would achieve high 

concentrations of the cytokine of choice without inducing systemic toxicity. 

Gene therapy was therefore employed to devise a system for the local delivery of 

cytokines in cancer treatment. Using this strategy, specific genes are introduced into 

eukaryotic cells where their overexpression enhances an existing cellular function or 

confers a new property to the recipient cells (41). The feasibility of introducing and 

expressing genes encoding cytokines in tumor cells represents a potentially better 

alternative to the systemic administration of cytokines. It delivers the cytokine of choice to 

the target tumor without the systemic toxicity associated with parenteral administration of 

cytokines. Furthermore, expression of the cytokine transgene under the control of 

independent promoters results in continuous local cytokine secretion leading to an 

effective biological response. Depending on the cytokine gene of choice, secretion of the 

cytokine by the gene-modified tumor cells could be exploited not only to stimulate and 

recruit immune cells (e.g. IL-l, IL-2, IL-4, IL-6, IL-7) (42,43), but also to directly 

increase tumor immunogenicity by enhancing MHC expression (e.g. IFNy) (29). 

Thus, several studies employing cytokine gene transfer into tumor cells were initiated in 

animal models in order to evaluate the therapeutic effect of this approach on cancer (16, 



42,44-73). These studies were developed to assess the ability of individual cytokine gene 

products to elicit or enhance host-mediated cytotoxicity against transplanted tumor cells 

(27). The effectiveness of cytokine gene transfer into tumors was usually based on the 

ability to induce rejection of modified tumor cells, confer long-term tumor immunity, or 

cause rejection of established tumors. Engineering tumor cells to secrete IL-2 (42, 46, 47, 

73), IFNy (52-55, 57, 58), IL-4 (51) and IL-7 (64, 66) resulted in inhibition of tumor 

growth in syngeneic mice. This demonstrated the ability of gene-modified cells to induce 

immunity to subsequent challenge with parental unmodified tumor cells. Vaccination of 

mice with GM-CSF gene-modified melanoma cells stimulated long lasting tumor specific-

systemic immunity (71). Transduction of the G-CSF gene in murine adenocarcinoma cells 

resulted in inhibition of growth of gene-modified cells but not in protection against 

subsequent challenge with parental unmodified tumor cells (43, 70). These findings 

indicate that depending on the tumor model and the cytokine used, cytokine secreting 

tumor cells which were rejected do not always induce systemic immunity (28). This is the 

case of IL-4 transduced tumor cells that induced protective immunity in a murine renal cell 

tumor model (RENCA) (51) but fail to do so in a glioma tumor model (50). 

Whereas inhibition of tumor growth and acquisition of long term immunity were shown 

by most studies involving cytokine gene transfer, the ability of cytokine gene-modified 

tumor cells to induce the rejection of established tumors has been more difScult to 

achieve. Treatment of animals with non-immunogenic tumor cells engineered to secrete 

IL-2 (74), IL-6 (61), or DFNy (75) following surgical removal of the original tumor 

resulted in inhibition of growth of lung micrometastasis and even succeeded in completely 



curing a fraction of animals (28). Furthermore, tumor ceUs engineered to secrete IL-4 

were shown to be able to treat established renal cancer (51). Treatment with irradiated 

GM-CSF transduced melanoma ceils resulted in rejection of three day melanoma tumors 

(71). Another study by Connor et al., (76) also reported the ability of IL-2-secreting, 

irradiated tumor cells to cure over 50% of animals bearing pre-established bladder tumors. 

The mechanism by which cytokines secreted by modified tumor cells mediate inhibition 

of tumor growth, acquisition of long term immunity to parental cells, and in some cases 

the ability to cure established tumors, varies depending on the nature of the cytokine 

selected. For example, IL-2 transduced tumors were characterized by massive infiltrate of 

lymphocytic cells and neutrophils (77). Rejection of IL-2 transduced tumors was found to 

be mediated by CD8^ and NK cell populations, but systemic immunity was mediated by 

CDS* T cells (46, 47, 64). This finding has suggested that secretion of IL-2 by the 

transfected tumor bypasses the requirement for CD4* T helper function (46). Interleukin-2 

has been shown to directly stimulate the production of other cytokines such as IFNy, 

TNFo, and GM-CSF which can directly stimulate cytotoxic monocytes and macrophages 

(40) involved in inhibition of tumor growth. 

With regard to IL-7 gene-modified tumors, rejeaion was mediated by macrophages 

(64). Systemic immunity induced by immunization of mice with tumor cells, engineered to 

secrete IL-7, was dependent on CD4* T cells (64). 

In other studies, immunity to parental tumor cells induced by IL-4 (43, 51) and GM-

CSF (27) transduced tumors was mediated by both CD4* and CDS* T cells (27, 43). Yet, 

different cell types were involved in the direct inhibition of these two gene-modified 



tumors. IL-4 gene-transduced tumors were characterized by massive infiltrates of 

eosinophils, which have been implicated as the major cytotoxic effectors (49, 78) 

mediating inhibition of growth of these tumors. 

In the case of GM-CSF gene-modified tumors, dendritic cells played a key role in the 

activation of the anti-tumor response. These potent antigen presenting cells stimulated by 

GM-CSF secreted by the modified tumor could stimulate the generation of CTLs via 

MHC class n-restricted antigen presentation to CD4* T helper cells (27). 

Anti-tumor responses to IFNy-modified tumor cells have been associated with 

macrophages and cytotoxic T cells directly activated by IFNy secreted by the gene-

modified tumor cells (53, 54, 57). The induction of systemic immunity by these cells has 

been attributed to different subsets of T cells depending on the tumor model. On one hand, 

CD8^ T cells have been implicated in IFNy-modified fibrosarcoma (53, 54), sarcoma (16), 

manmiary adenocarcinoma (57), and neuroblastoma (52) tumor models as the major 

memory T cell population. On the other hand, CD4* T cells have been shown to mediate 

acquisition of long term immunity in an adenocarcinoma model engineered to express 

DFNy (55). 

Other mechanisms have been implicated in the reduced tumorigenicity of cytokine gene-

modified cells and in their ability to induce protective immunity to parental cells. 

Introduction of the IFNy transgene into tumor cells has resulted in augmentation of tumor 

immunogenicity by enhancement of class I MHC expression (16, 52, 53, 57,79), or by 

induction of class II MHC (55, 56, 58). These studies suggested that tumor cells may 



present tumor-associated antigens on newly expressed class I and/or class n MHC 

molecules to cytotoxic class I MHC restricted CD8^ T cells or class n MHC-restricted 

CD4* T cells, bypassing the need for professional APC. 

Upregulation of expression of adhesion molecules on endothelial cells by IL-1, TNFcc, 

IFNy, or IL-4 (27) secreted by tumors engineered to express these cytokines, may also be 

another important mechanism contributing to the stimulation of anti-tumor responses. For 

example, IL-4 has been shown to induce the expression of VCAM-1 on endothelium (80) 

which promotes the adhesion of eosinophils, the characteristic cells infiltrating IL-4 gene-

modified tumors. (27). 

The enhanced anti-tumor responses generated by cytokine gene modified tumor cells 

has formed the basis and rational for conducting Phase I and II gene therapy clinical trials 

using cytokine gene-modified cell vaccines. In these studies, patients with advanced 

disease who have failed all available standard therapies are vaccinated with autologous or 

allogeneic irradiated human tumor cells engineered to express specific cytokine-genes 

[(IL-2, TNFa, GM-CSF, IFNy (27, 41, 81)]. Current clinical studies include the use of EL-

2 gene-modified autologous tumor cells to treat melanoma and neuroblastoma, IL-2 gene-

modified allogeneic tumor cells to treat renal cell carcinoma and melanoma, (41,81), 

EFNy-gene modified autologous tumor cells to treat melanoma (82) and neuroblastoma 

(83), TNFa and IL-4-gene modified autologous tumor cells to treat melanoma, and GM-

CSF-gene modified autologous tumor cells to treat renal carcinoma (41, 81). As suggested 

by Gilboa et al., (28) "Exploratory clinical studies using genetically modified tumor 



vaccines are justified, if conducted in concert with a continued effort of using animal 

models to further improve the therapeutic benefit of genetically modified tumor vaccines 

and other vaccine strategies". 

The study presented in this manuscript is part of this continuing effort to improve the 

eflBcacy of cytokine gene-modified tumor cells as potential cancer vaccines using animal 

models. In this study, the IFNy gene was introduced into the moderately immunogenic 

EMT6 mammary carcinoma ceils in order to investigate its effects on class IIMHC 

expression and tumor immunogenicity. The ability of IFNy to simultaneously enhance 

antigen presentation and to stimulate a potent effector anti-tumor response were exploited 

in this tumor model with the ultimate purpose of using the IFNy gene-modified tumor cells 

as a potential cancer vaccine. Since the EMT6 tumor is poorly responsive to IFNy 

stimulation, evaluation of the efficacy of IFNy gene transfer on enhancing tumor 

inmiunogenicity represented a valuable model for tumors that respond poorly to 

exogenous IFNy stimulation. Similarly to what was demonstrated in this study for the 

EMT6 tumor, other poorly responsive tumors may require intracellular over-expression of 

an IFNy transgene to respond to the biological effects of IFNy. 



Specific Aims 

The specific aims of this study were: 

1) To demonstrate the eflBcacy of IFNy gene transfer in modulating class I and class n 

MHC antigen expression on murine EMT6 mammary carcinoma tumor cells 

2) To assess the in vivo immunogenicity of IFNy gene-modified EMT6 tumor cells 

3) To analyze the mechanism of increased immunogenicity by EMT6 tumor cells 

following IFNy gene transfer 

The EMT6 tumor is a moderately immunogenic carcinoma that forms progressing 

tumors in syngeneic animals. These studies showed that the EMT6 tumor is poorly 

responsive to exogenous IFNy stimulation whereas IFNy gene transfer induces class 0 

MHC antigens, increases inmiunogenicity and causes the acquisition of long term 

immunity in the host. Analysis of the putative effector cells responsible for the memory 

type response associated with anti-tumor immunity revealed the primary involvement of T 

cells of the CD4'^ T cell subset playing a dual the role as T helper and as cytotoxic T cells. 

A correlation between class II MHC expression in IFNy gene-transduced EMT6 cells and 

induction of a murine class II transactivator (CIITA) gene was also demonstrated. By 

expressing class II MHC antigens, IFNy gene-transduced EMT6 cells may fiinction as 

antigen presenting cells and play an important role in the generation of tumor specific 

immunity. 



24 

CHAPTER 2 

MATERIALS AND METHODS 

Mice 

Six to eight week old female euthymic BALB/c, SCID-BALB/c, and C57BL/6 were 

used in these studies. Mice were purchased from The Jackson Laboratory, Bar Harbor, 

Maine. SCID-BALB/c were maintained under specific pathogen-free conditions and 

received sterilized food pellets and water. Mice were housed in the University of Arizona 

Animal Facility and fed food and water ad libitum. 

Cell lines 

The EMT6 mammary tumor and the B 16-FlO melanoma cell lines were kindly provided 

by Dr. Sara Rockwell (Yale University, New Haven, CT) and Dr. Mary Hendrix (St. 

Louis University, St. Louis, MO) respectively. These tumor cell lines were routinely 

passaged in vivo by subcutaneous (s.c.) injection in BALB/c and C57BL/6 mice, 

respectively, and were subsequently disaggregated (see APPENDDC M for tumor 

disaggregation protocol), and cryopreserved in freeze medium (see APPENDDC C for 

composition) at -70 °C. Prior to each experiment, an aliquot of frozen cells was thawed 

and passaged 2-3 times in vitro. The cells were maintained in alpha-Minimal Essential 

Medium (a-MEM) (GIBCO, Gaithersburg, MD, see APPENDDC C for composition) 

supplemented with 10 % fetal bovine serum (FBS, Intergen, Purchase, N.Y). The EMT6-



CLONE B17 cell line was derived by transduction of the parental EMT6 cell line with a 

retroviral vector containing the murine IFNy gene and the neomycin resistance (Neo') 

gene as a selectable marker. Control cells (EMT6-NE0) were transduced with vector 

containing only the Neo' gene. Tumor cells were maintained in a-MEM (see APPENDIX 

C for composition) supplemented with 10 % FBS and 400 ^lg/ml Geneticin (G-418) 

(GEBCO, Gaithersburg, MD). 

Analysis of IFNy receptor on EMT6 tumor ceils 

Cell surface expression of IFNy receptor alpha and beta chains on EMT6 cells was 

determined by flow cytometry with a FACStar^'" fluorescence activated cell sorter 

(Becton Dickinson, Mountain View, CA) using anti-IFNy receptor-specific antibodies 

kindly provided by Dr. Robert Schreiber (Washington University, St. Louis, MO, see 

APPENDIX L for antibody description). Parental EMT6 and transduced (EMT6-NE0, 

EMT6-CL0NE B17) tumor cells were harvested with trypsin/ 0.02 % EDTA (Difco 

Laboratories, Detroit, MI) (see APPENDIX C for composition), washed and resuspended 

in phosphate buflfered-saline (PBS) at 5 x 10® cells/ml. All antibody-labeling steps were 

carried out on ice in the dark. Antibodies were used at a concentration of l|ig/10® cells. 

EMT6 tumor cells were stained with anti-mouse EFNy-receptor alpha chain primary 

antibody, G320, and two different anti-mouse IFNy-receptor beta chain antibodies, 

M0B55 and MOB47. Monoclonal antibody (mAb) MOB55 binds in the presence or 



absence of IFNy. Monoclonal antibodies G320 and MOB47 bind only in the absence of 

IFNy (Dr. R. Schreiber, personal communication), (84, 85). 

Approximately 5 x lO' cells were stained with one of the primary antibodies followed 

by either biotinylated goat anti-hamster antibody and streptavidin-FITC substrate or FITC 

goat anti-rat antibody, depending on the origin of the primary antibody. The cells were 

washed twice with PBS containing 0.1 % sodium azide and 0.5 % bovine serum albumin 

(PAD, see APPENDIX C for composition). Labeled cells were then resuspended in 250|il 

PAB and analyzed by flow cytometry. 

In vitro stimulation of EMT6 and B16-F10 melanoma witii IFNy 

The effect of IFNy stimulation on class I and class n MHC expression by EMT6 and 

B16-F10 tumor cells was evaluated. A total of 5 x 10^ tumor cells were incubated for 48 

hours in the presence of IFNy (Genzyme Corp., Boston, MA) at various doses ranging 

from 10-1000 Units/ml in culture medium. After incubation, the cells were harvested with 

trypsin/0.02 % EDTA, collected and stained for MHC class I and 11 expression by flow 

cytometry. 

Transduction of EMT6 and B16-F10 Melanoma Cells with an EFNy Retroviral 
Vector 

A replication defective retroviral vector containing the mouse IFNy transgene (Viagene 

Inc. San Diego, CA, see APPENDIX B for diagrammatic structure of murine IFNy 

retroviral provector) was used to introduce the IFNy gene into EMT6 murine mammary 



carcinoma and B16-F10 murine melanoma ceils. The expression of the IFNy gene was 

under the control of a Moloney Leukemia Vims (MuMoLV) long terminal repeat (LTR) 5' 

promoter. The presence in the vector of the neomycin-resistance (Neo") gene, under the 

control of the Simian Vims (SV40) early promoter, allowed for selection of transductants 

in G418 (a neomycin analog)-containing tissue culture medium. To create the bulk IFNy-

transduced EMT6 cell line, 2x10^ EMT6 cells were incubated for 24 hours in a-MEM 

supplemented with 10 % FBS (a-lO-MEM). The culture medium was then replaced with 

fresh a-lO-MEM supplemented with either 4 or 8 ng/ml polybrene (1,5-dimethyl 1,5 

diazaundecamethylene-polymethobromide, Sigma, St. Louis, MO). The virions containing 

the retroviral constmct were added at a multiplicity of infection (M.O.I) of 5:1. 

Transduction of EMT6 or B16-F10 melanoma cells was carried out overnight. After 

overnight incubation, transfectants were trypsinized and plated at a concentration of 10^ 

and 10^ per 100 x 20 mm culture dish (Falcon 3803, Becton Dickinson) and selected in a-

10-MEM containing 400 |ig/ml G418 for 2 weeks. Control plates consisted of 10^ and 

10^ transductants cultured in a-lO-MEM. For the purpose of calculating the eflSciency of 

transduction, colonies in replicate plates were stained as follows; colonies were rinsed 

using 0.85 % saline solution and fixed for 10 minutes in absolute methanol (Fisher 

Scientific, Pittsburgh, PA), followed by 15 minute staining with 10% aqueous Giemsa 

stain (Fisher Scientific, Pittsburgh, PA), at room temperature. The excess stain was 

subsequently rinsed oflF the plate with distilled water. The colonies were counted and the 

eflBciency of transduction was calculated as the number of EMT6 or B16-F10 transduced 
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colonies cultured in G418 containing medium/number of EMT6 or B16-F10 transduced 

colonies cultured in non-selective medium x 100. 

After two weeks, drug resistant colonies were pooled, stained with anti-MHC antibody 

and cells expressing MHC class n antigens were isolated by FACS analysis. Following 

FACS analysis, IFNy-transduced EMT6 cells were cloned by limiting dilution. Transduced 

B16-F10 melanoma cells were used as a pooled population of class II MHC positive cells. 

Transfection of EMT6 Tumor Cells with Class II MHC Genes 

Three different approaches were undertaken to introduce the murine class n MHC 

genes into EMT6 cells: 

a) A triple transfection consisting of plasmids pCEXV-3-I-Ai, pCEXV-3-I-Ap (kindly 

provided by Dr. Susan Ostrand-Rosenberg, University of Maryland, Baltimore, MD) 

(86), and pCEF4-Hygromycin (Invitrogen, San Diego, CA) (see APPENDIX B for 

plasmid construct) was performed to introduce the class n MHC genes into EMT6 

cells. The expression of the I-Ai and I-Ap genes was under the control of the Simian 

Virus (S V40) early promoter as was the expression of the hygromycin gene in the 

pCEP4 vector.  To create the bulk class II  MHC transfected EMT6 cell  l ine, 1x10® 

EMT6 cells were cultured in a T 75 flask (Becton Dickinson, Mountain View, CA) in 

a-IMDM (JRH Biochemicals, Lenexa, KS, see APPENDIX C for composition) 

supplemented with 10 % FBS (JRH Biochemicals) and incubated for 24 hours in a 

7% CO2 incubator at 37 °C. The culture medium was then replaced with a mbcture of 



the lipid carrier DIMRIE-DOPE (Vical Inc., San Diego, CA) and DNA plasmids at a 

1:4 or 1: 2 DNA to lipid ratio prepared as follows. Nine |ag pCEXV-3- I-Aa + 9 |ig 

pCEXV-3-I-Ap +1 ng of pCEP4 were added to a IS ml sterile tube containing 5 ml 

OPTI-MEM (Gibco BRL, Gaithersburg, MD, see APPENDC C for composition). 

Eighty ^ig or 40 \i% DMRIE-DOPE (Img/ml stock, Vical) were added to another 15 

ml tube containing 5 ml OPTI-MEM (Gibco BRL) to give a DNA/lipid ratio of 1:4 

and 1:2 respectively. The DNA-OPTI-MEM mixture was then transferred to the tube 

containing OPTI-MEM+DMRIE-DOPE and incubated at room temperature for 10 

minutes to allow binding of plasmids to the lipid carrier. After replacing the IMDM 

medium with 10 ml total OPTI-MEM containing plasmid DNAs and lipid vector, the 

cells were incubated overnight at 37 °C in a 7% CO2 incubator. After incubation, 

transfected cells were harvested using trypsin/ 0.02 % EDTA resuspended in 40 ml 

a-IMDM supplemented with 10% FES and 400ng/nil Hygromycin B (Sigma 

Immunochemicals, St Louis, MO), and plated in two 96 well flat bottom plates at 

200 ^il /well. Clones resistant to hygromycin were screened for class IIMHC 

expression by flow cytometric analysis as previously described. 

b) A double transfection consisting of 18 |ig CAT A plasmid (kindly provided by Dr. 

Cheong-Hee Chang, Yale School of Medicine, New Haven, CT, see APPENDIX B 

for plasmid construct) and l^g of pCEP4-hygromycin and the lipid carrier DMRIE-

DOPE was performed utilizing the same protocol described in part a) above for the 

triple transfection. The plasmid DNA to lipid ratios used were 1 ;4 and 1:2. 



c) A double transfection consisting of 10 ng pREP9-I-Ap and 10 |ig pREP4-I-Aa, 

(constructed as described in APPENDIX B) coupled with the lipid vector DMRIE-

DOPE was performed utilizing the same protocol described in part a) above for triple 

transfection .The medium used for selection of transfected cells, m this case, was a-

IMDM supplemented with 10% FBS, 400ng /ml Hygromycin B and 400|ig /ml 

Geneticin (G418). 

Flow Cytometric Analysis of Parental EMT6, B16-F10 Melanoma, and IFNy-

Transduced EMT6 and B16-F10 Cells 

Cell surface expression of class I and class IIMHC molecules was determined by flow 

cytometry with a FACStar^'" fluorescence activated cell sorter (Becton Dickinson, 

Mountain View, CA). Parental EMT6 and transduced (EMT6-NE0, EMT6-CL0NE 

B17) tumor cells, as well as B16-F10 parental and IFNy-transduced melanoma cells, were 

harvested with trypsin/0.02 % EDTA, washed and resuspended in phosphate bufifered-

saline (PBS) at 5 x 10® cells/ml. All antibody-labeling steps were carried out on ice in the 

dark. Antibodies were used at a concentration of 1 tig/10® cells. Approximately 5 x lO' 

EMT6 tumor cells were stained with fluorescein-isothiocyanate (FITC)-conjugated anti-

class n MHC monoclonal antibody (mAb) (FITC-I-A'', Becton Dickinson, Mountain 

View, CA) and R-Phycoerythrin (PE) conjugated anti-class I MHC mAb (PE-H-2D'', 

Pharmingen, San Diego, CA) for 30 minutes. B16-F10 parental and IFNy-transduced 

melanoma were similarly stained with anti-I-A** and anti-H-2 K*" D** monoclonal antibodies 



(kindly provided by Dr. S. Ostrand-Rosenberg, University of Maryland, Baltimore, MD) 

followed by FITC goat anti-mouse antibody. The cells were washed twice with PBS 

containing 0.1 % sodium azide and 0.5 % bovine serum albumin (PAB,see APPENDIX C 

for composition). Labeled cells were then resuspended in 250 ^1PAB and analyzed by 

flow cytometry. When sorting of IFNy-transduced cells expressing class n MHC antigens 

was performed by FACS analysis, 1 x lO' transduced cells were stained according to the 

aforementioned procedure and bright double positive cells (for class I and II MHC) were 

collected. Sorted cells were cultured for 48 hours before cloning by limiting dilution. IFNy 

transduced clones, obtained as described in the next section, were retested for class I and 

class II MHC expression by flow cytometry. 

Cloning of IFNy-Transduced Cells by Limiting Dilution 

IFNy-transduced cells sorted on the basis of class I and II MHC expression were 

subsequently cloned by limiting dilution. After sorting, the transduced cells were rested in 

a-IO-MEM medium and incubated at 37 °C in a 7% CO2 incubator for 2 days. After 

incubation, cells were harvested with trypsin/0.02% EDTA, counted, and plated in a 

96well-flat bottom plate (Becton Dickinson, Mountain View, CA) at a concentration of 

0.3 cells/well in a-MEM supplemented with 10 % FBS and 400 ng/ml Geneticin (G418). 

Clones received fresh selective medium every 2 to 3 days. After approximately 15 days, 

clones were retested for class I and II expression by flow cytometry. 
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Cell Surface Expression of B7-1 Costimulatory Molecule 

Cell surface expression of B7-1 costimulatory molecule was determined by flow 

cytometry using the protocol described for detection of class I and class IIMHC 

molecules. In this instance, labeling of EMT6 and EMT6-CL0NE B17 tumor cells with 

anti-mouse CD80 (B7-1) primary mAb (Pharmingen San Diego, CA, see APPENDIX L 

for antibody description) was followed by staining with FITC-anti rat F(ab')2 (Caltag, San 

Francisco, see APPENDIX L for antibody description). 

Analysis of IFNy Gene Expression in Transduced Cells by RT-PCR 

1. Analysis of IFNy Gene Expression in In Vitro Cultured Transduced EMT6 Clones 

In order to analyze IFNy gene expression in in vitro-cultured EMT6 clones, 

approximately 5 x 10®-I x lO' were harvested by trypsinization as previously described. 

Cells were washed twice in PBS and subjected to total RNA extraction by the Trizol™ 

method (Gibco BRL, Gathersburg, MD, see APPENDIX E for protocol). The resulting 

RNA was routinely treated with DNAse (Boehringer Mannheim, Indianapolis, IN) and 

quantified by spectrophotometry (see APPENDIX G for nucleic acid quantitation). Equal 

amounts of RNA (6 |ig) fi-om each source were reverse transcribed using Invitrogen's 

cDNA cycle kit (Invitrogen Corp., San Diego, CA, see APPENDIX F for cDNA synthesis 

protocol). The cDNA (4^1) was then amplified by the polymerase chain reaction (PCR) 

using the following IFNy primers designed using the OLIGO Program (National 

Biosciences, Plymouth, MN, see APPENDIX H); 



IFNy setise: 5' GACTCCTTTTCCGCTTCCTG 3'; 

IFNy anti-sense-. 5' CTGGCAAAAGGATGGTGACA 3'. 

Histone primers were included as positive controls in the PCR. The PCR reaction mixture 

consisted of 0.2 mM dNTPs, 1 x Taq DNA Polymerase Buflfer (Boehringer Mannheim 

Corp., Indianapolis, IN), 5 fd cDNA, 5 ^1 of 2 pM IFNy sense primer (0.2 piM final 

concentration), 5 |il of 2 |iM IFNy anti-sense primer (0.2 |iM final concentration), and 

1.5 Unit Taq DNA Polymerase (Boehringer Mannheim Corp., Indianapolis, IN) in a 50 |al 

total reaction volume. The reactions were cycled 35 times consisting of 93 °C for 5 sec., 

56 °C for 30 sec., and 72 °C for 30 sec., following addition of Taq DNA polymerase at 80 

°C using a thermal cycler (MJ Research Inc., Watertown, MA) with an in sample 

temperature probe. Samples (15 ^il) fi-om the PCR reactions were electrophoresed through 

a 2% agarose gel, stained with ethidium bromide and photographed. 

2. Analysis of IFNy Gene Expression in Freshly Isolated EMT6-CLONE B17 

In order to analyze IFNy transgene expression in fi-eshly isolated EMT6-CL0NE B17, 

tumor cells were obtained by digestion of resected tumors in a collagenase cocktail. This 

consisted of 25 ml saline G (see APPENDIX C for composition), 200 Units/ml 

collagenase (Worthington Biochemical Corp., Freehold, NJ), 1% DNAse 1 (Boehringer 

Maimheim Biochemicals, Indianapolis, IN), and 500 mg bovine serum albumin fi-action V 

(Sigma, St. Louis, MO) according to the protocol described in APPENDIX M. DNA was 

isolated fi-om approximately 5 x 10®-1 x lO' fi-eshly isolated EMT6-CL0NE B17 tumor 

cells using the Trizol™ method (Gibco BRL, Gathersburg, MD, see APPENDIX E for 



protocol). The DNA (5-6 mg in 4|il H2O) was then amplified by PCR as described above 

using the following IFNy transgene primers designed using the OLIGO Program (National 

Biosciences, Playmouth, MN, see APPENDIX H); 

sense 5' CTGGCAAAAGGATGGTGACA 3' 
(spans the IFNy gene) 

antisense 5* GGCGGAGAATGGGCGGAACT 3' 
(spans the SV40 promoter in the IFNy retroviral vector, see APPENDIX B). 

Analysis of ClU'A Gene Expression by Touchdown RT-PCR 

Total RNA was extracted by the Trizol™ method and cDNA was prepared as described 

above. The cDNA was amplified by Touchdown (TD) RT-PCR (87) using human CIITA 

primers (88, see APPENDIX H). The reactions were cycled 45 times consisting of 

denaturation at 94 °C for 8 sec., annealing at 55 °C for 30 sec and extension at 75 °C for 

30 sec. The annealing temperature was reduced to 42 °C in decrements of 0.3 °C per 

cycle. This was followed by an additional 10 cycles consisting of 94 °C for 8 sec., 42 °C 

for 25 sec., and 75 for 25 sec. (following addition of Taq DNA polymerase at 80 °C). Ten 

microliters of the resulting PCR products were analyzed by electrophoresis through a 1.5 

% agarose gel. For sequencing of mouse CIITA gene refer to APPENDIX I. 

IFNy EUSA 

Parental (EMT6) and transduced (EMT6-NE0 and EMT6-CL0NE B17) tumor cells 

were harvested, washed and adjusted to I x 10® cells/ml m a-lO-MEM. One million cells 

were seeded in 24 well plates (FALCON #3047, Becton Dickinson, Mountain View, CA) 
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in triplicates, and incubated for 48 hours. The plates were centrifuged, the supematants 

harvested, pooled and frozen at -77 °C prior to analysis. Thawed supematants were 

assessed for IFNy production by ELISA (Genzyme Co., Boston, MA). EMT6-CL0NE 

B17 tumor cells were also assessed for long term production of BFNy after treatment 

with 50, 100, or 200 Gray (Gy) of irradiation. Supematants were harvested from 

irradiated cultures on days 2, 4 and 6. 

Determination of Biological Activity in Supematants from EMT6-CLONE B17 

Supematants were collected from 48 hours cultures of IFNy-producing EMT6-CL0NE 

B17 cells and concentrated lOx using Centriprep Concentrators (Amicon Inc., Beverly, 

MA). Prior to use, the supematants were diluted to Ix m a-lO-MEM medium. Biological 

activity was assessed by measuring membrane expression of class I and class IIMHC 

antigens by IFNy-responsive B16-F10 tumor cells incubated 48 hours earlier with cell 

supernatant. 



In Vitro Growth kinetics of IFNy-Transduced EMT6 and B16-F10 Cells 

The in vitro growth kinetics of EMT6-IFNy transduced clones, EMT6-NE0 and 

parental EMT6 cells were compared. A similar comparison was performed between IFNy-

transduced B16-F10 and parental cells. In vitro growth was monitored at 24, 48 and 60 

hours post-incubation. Tumor cells were set up in triplicate plates for each time point. At 

time 0, 1 X 10^ tumor cells were plated in each of 100 x 20 mm culture dish (Falcon 3803, 

Becton Dickinson) in a-lO-MEM (see APPENDIX C) and incubated at 37 °C in a CO2 

incubator. At 24, 48, 60, 72 hours tumor cells were harvested by trypsinization. In order 

to collect ail the cells, each plate was washed once with 5 ml PBS before trypsinization 

and twice with 5 ml a-lO-MEM after trypsinization. All washes and the cell suspension 

collected post-trypsinization were combined in a 50 ml conical tube and centrifuged at 900 

rpm (200 x g). After centrifugation, the cell pellet was resuspended in 3 ml a-lO-MEM for 

cell count (see APPENDIX D). For each time point, the three counts obtained from the 

triplicate plates were averaged to give a mean average count ± standard deviation (SD). 

In Vivo Tumor Growth Studies 

For the EMT6 mammary carcinoma, BALB/c mice were injected subcutaneously (s.c.) 

in the right flank with lO' viable IFNy gene-transduced tumor cells (EMT6-CL0NE B17) 

in 0.1 ml PBS. Control animals received 10^ EMT6 cells transduced with vector 

containing the neomycin resistance gene (EMT6-NE0) or lO' parental EMT6. All 

injections were performed under anesthesia. Mice were anesthetized intraperitoneally (i.p) 



with 250 ^1 of a 1:10 dUution ofKetaset/Rompun© solution (see APPENDIX C). Tumor 

growth was monitored weekly for 21-28 days. Animals that were tumor free after 4 

months received a s.c challenge of 10^ viable EMT6 cells. Tumor burden was expressed in 

terms of tumor volume and calculated using the formula (length x widthV2. The growth 

of IFNy transduced EMT6 tumor was also tested in immunoincompetent SCID-BALB/c 

mice and accomplished using the protocol just described for tumor growth in 

immunocompetent BALB/c mice. All injections and tumor measurements were performed 

under pathogen free-conditions (barrier room/University of Arizona Animal Facility) 

For the B16-F10 melanoma, ten C57BL/6 mice were were injected s.c. in the right flank 

with lO' viable IFNy gene-transduced B16-F10 melanoma cells in 0.1 ml PBS. Ten control 

animals received 10^ parental B16-F10 melanoma cells. Tumor growth was monitored for 

56 days. 

Immunization and Tumor Challenge Studies 

Anesthetized naive BALB/c mice were immunized twice s.c in the right flank at day 0 

(primary (1°) immunization) and at day 10 (secondary (2°) immunization) with 5x10® 

irradiated (100 Gy) EMT6-NE0, EMT6-CL0NE B17 cells or a mixture of both at 

various ratios. Five different tumor inocula were prepared for immunizations, one for each 

group of mice: 100% EMT6-NE0, 100% EMT6-CL0NE BIT, 90 % EMT6-NE0 + 10% 

EMT6-CL0NE B17, 80% EMT6-NE0 + 20% EMT6-CL0NE B17, and 50% EMT6-

NEO + 50% EMT6-CL0NE B17. Fourteen days post-2° immunization all groups 



received a challenge injection consisting of I x lO' viable EMT6 cells in the left flank. 

Tumor growth was monitored for 26 days. Tumor burden was expressed in terms of 

tumor volume and calculated using the formula (length x width^^- In a similar 

experiment, mice immunizations consisted of 100 % EMT6 CLONE B17 (equivalent to 5 

X 10® cells) or 10% EMT6 CLONE BI7 (equivalent to 5 x 10^ cells). This was followed 

by a challenge injection consisting of 1 x 10^ viable EMT6 cells in the left flank. 

Vaccination Studies 

Sixteen naive BALB/c mice received a 1° challenge injection s.c. consisting of 1 x 10^ 

viable EMT6 tumor cells in the right flank at day 0. Twelve of the 16 mice were 

vaccinated twice post-l° challenge s.c. in the right flank at day 7 (1° vaccination) and in 

the left flank at day 17 (2° vaccination) with 5 x 10® irradiated (100 Gy) EMT6-CL0NE 

B17 cells. The remaining 4 non-vaccinated mice were used as a control group to monitor 

the growth of parental EMT6 tumors. Challenges and vaccinations were performed under 

Ketaset/Rompun® anesthesia. Tumor growth was monitored for 26 days. 
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Winn Assay 

1. Isolation and T Cell Subset Depletion of Inguinal Lymph Node Cells 

Eight naive BALB/c mice were immunized twice s.c in the right flank at day 0 (1° 

immunization) and in the left flank at day 10 (2° immunization) with S x 10^ irradiated 

(100 Gy) EMT6-CL0NE B17 cells. Fourteen days post-2° immunization, the immunized 

group and a control group of 4 mice, received a challenge injection consisting of 1 x 10^ 

viable EMT6 tumor cells in the left flank. Tumor growth was monitored every seven days 

for 14-21 days. At day 21, the tumor draining inguinal lymph nodes were removed and the 

cells were released by gentle pressure with the blunt end of a 10 cc syringe plunger. The 

resulting cell suspension was flhered through a 140 fim wire mesh and passaged over a 

nylon wool column for enrichment of T lymphocytes. The column was prepared by teasing 

the nylon wool (Fenwal Laboratories, Deerfleld, IL) until it was fi-ee of knots. The nylon 

wool was then inserted into a 10 cc syringe and sterilized by autoclaving. One gram of 

nylon wool was used per column with a capacity for 1.5 x 10^ cells. A three way stopcock 

(Baxter Healthcare Corp., Valencia, CA) with a 21 gauge needle (Becton Dickinson, 

Lincoln Park, NJ) was attached to the bottom of the column which was subsequently 

attached to a ring stand. The column was equilibrated by passing 20 ml of complete RPMI 

(cRPMI, see APPENDIX C) over the nylon, removing air bubbles with a sterile pipette, 

and incubating for 45 minutes at 37 °C in a 7% CO2 incubator. Prior to loading, the 

column was drained to the level of the nylon, then 2 ml of cells (1.5 x 10*) were loaded 

and run into the nylon wool column. After the cells were loaded, 0.5 ml of complete 

RPMI was added and run into the column. The colunm was then overlaid with 2 ml of 



cRPMI and incubated for 45 minutes at 37 °C in a 7% CO2 incubator. After incubation, 40 

ml of cRPMI were passed through the column and the eluate, containing the purified T 

lymphocytes, was collected in a 50 ml centrifuge tube (Becton Dickinson, Lincoln Park, 

NJ). Nylon wool-eluted, lymph node-derived cells were then washed with PBS (see 

APPENDIX C), assessed for viability, adjusted to a concentration of I x lO'/ml in 

cytotoxicity medium (cyt-medium, RPMI 1640 supplemented with L-glutamine, 25 mM 

HEPES buffer and 0.3% bovine serum albumin see APPENDIX C). 

Cells were mixed with antibody and complement for depletion of CD4* and/or CDS"^ T 

cells. Five different treatments were performed: I) anti-CD4 + complement; 2) anti-CD8 + 

complement; 3) anti-CD4 plus anti-CD8 + complement; 4) anti-CD4 plus anti-CD8 alone; 

and 5) complement alone. Cells incubated with complement jdone as well as with anti-

CD4 + anti-CD8 alone, were used as controls. For this purpose, 100 |al (20 ng) of anti-

CD8 and or anti-CD4 (Caltag, San Francisco, CA, see APPENDIX L) were added 

separately to deplete T lymphocyte subsets or together for total lymphocyte depletion, to 

6 ml sterile plastic tubes (Falcon # 2042) containing 500 nl of cyt-medium. 

Simultaneously, 500 |il of effector cells were added separately to the tubes and pelleted. 

After centrifiigation, the cell pellets were resuspended in the cyt-medium containing anti-

CD4 and/or anti-CD8. Effector cells were then incubated at 4 °C for 60 minutes. After 

washing once at 400 x g for 10 minutes at 37 °C, the cell pellets were resuspended in I ml 

of a 1:4 dilution of Low-Tox rabbit complement (Accurate Chemical and Scientific 

Corporation, Westbury, NY) in cyt-medium and incubated for 1 hour and 30 minutes at 



37 °C. Following incubation, the lymphocytes cells were washed twice in cRPMI and 

assessed for viability by acridine orange/propidium iodide (AO/PI) staining (see 

APPENDIX D). Cells were resuspended in 500 |xl PBS to a concentration of I x 10® 

cells/100 |il PBS for a Winn type adoptive transfer assay. Sample trial experiments were 

also performed to confirm at this stage of the Winn assay protocol that depletion of 

CD4/CD8 T cell subsets had occurred. Therefore AO/PI counts were complemented by 

assessment of CD4 and CDS molecule expression in depleted lymphocyte populations by 

flow cytometry analysis. For this purpose, after complement depletion, lymphocytes were 

stained with PE-anti-mouse CD4 (Becton Dickinson, Mountain View, CA) and PE-anti-

mouse CD8a (Caltag, San Francisco, CA, see APPENDDC L for antibody description). 

Prior to FACS analysis, 5 ^1 propidium iodide (0.5 mg/ml PBS stock solution, Sigma, St. 

Louis, MO) were added to each of the anti-CD4 and/or CD8-labeled lymphocyte samples. 

2. Adoptive transfer assay 

Nylon wool column-purified lymphocytes at a concentration of 3.5 x 10® and depleted 

of CD4+ and/or CD8+ T cells (in 500 nl PBS) were mixed with 5 x 10^ viable EMT6 

tumor cells (in 500 pil PBS) to give an effector to target ratio of 7:1. Five effector/ target 

mixtures were obtained: 1) anti-CD8 + complement treated lymphocytes/EMT6; 2) anti-

CD4 + complement treated lymphocytes/EMT6; 3) anti-CD8 + anti-CD4 + complement 

treated lymphocytes/ EMT6, 4) anti-CD8 + anti-CD4 only treated lymphocytes/EMT6, 

and 5) complement treated lymphocytes/EMT6. Five anesthetized BALB/c mice were 

injected per treatment group. Each animal received a s.c. injection of200 ^1 of the cell 
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mixture (containing effector and target cells) in the right flank. A control group received 1 

X 10^ EMT6 cells alone. Tumor growth was monitored weekly for 21 days. 

Statistical Analysis 

Statistical significance of immunization and tumor challenge studies was determined by 

logistic regression analysis (89). This method relates the log-odds of tumor rejection to 

some function of the mixture concentration. The log-odds of tumor rejection were 

proportional to the logarithm of the mixture concentration. The corresponding logistic 

regression model used was: log-odds of rejection = -2.5658 + 0.6998 x log(mixture 

concentration) where 0.6998 coeflScient was statistically significant with a p-value of 

0.004. 

Statistical significance of vaccination studies and Winn adoptive transfer assay was 

determined by a two sample t-Test assuming unequal variances with a two tail P value < 

0.05 (89). Excel for Windows 95' software (Microsoft Corp., Redmond, WA) was used 

to perform the statistics. 



CHAPTERS 

RESULTS 

Eipression of the IFNY Receptor on EMT6 Ceils 

Testing tlie expression of the IFNy receptor on EMT6 tumor cells was the first 

objective of this study, since IFNy receptor-expressing cells are capable of binding IFNy 

and responding to its biological efifects. In order to test the expression of the IFNy 

receptor, EMT6 cells were stained with monoclonal antibodies specific for the alpha and 

beta chains of the receptor and analyzed by flow cytometry (Figure I). The data show that 

EMT6 cells express the alpha and beta chain of the IFNy receptor as demonstrated by the 

binding of mAb G320 (Figure la) and mAb MOB47 (Figure lb) respectively. The second 

monoclonal antibody (MOBS 5) used to detect the IFNy beta chain did not show a 

significant shift in fluorescence intensity fi'om the isotype control indicating that this 

antibody was not as effective as mAb MOB47 in binding the IFNy receptor. These data 

indicate that the EMT6 cell line expresses the IFNy receptor alpha and beta chains and has 

the potential to bind IFNy. 
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Figure 1. Analysis of IFNy receptor expression on EMT6 Cells. EMT6 cells were 
analyzed by flow cytometry for the expression of IFNy receptor. EMT6 cells were stained 
with monoclonal antibodies specific for the IFNy receptor alpha (panel a) and beta (panel 
b) chains. An irrelevant, isotype-matched mAb was used as control. Abscissa represents 4 
log cycles of fluorescence intensity. 
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Response of EMT6 Ceils to Exogenous IFNv Stimulation 

In order to determine if EMT6 cells were responsive to IFNy stimulation, parental and 

mock-transduced (EMT6-NEO) tumor cells were incubated for 48 hours with 

recombinant murine IFNy ranging from lO-IOOOimits/ml and assessed for class I and class 

n MHC expression. The data (Figure 2A) show that the level of constitutively expressed 

class I MHC antigens (panel a, b, dashed line) was not increased after IFNy stimulation 

(panel a, b, solid line). Class H MHC expression was not induced by IFNy treatment 

(panel c, d, solid line) compared to unstimulated cells (panel c, d, dashed line). In contrast, 

B16-F10 melanoma cells that were included as controls (Figure 2B), demonstrated a 

significant increase in class I MHC expression (panel a, solid line). Furthermore class II 

MHC was induced in these cells (panel b, solid line). These results demonstrate that 

whereas B16-F10 melanoma cells are responsive to IFNy stimulation after 48 hours, 

EMT6 cells are not. However, continuous exposure of EMT6 cells to lET^y (100 units/ml) 

for seven days induced a bimodal expression of class II MHC with a mean fluorescence 

channel number of 384 that was still lower than that of IFNy transduced (EMT6-CL0NE 

B17) cells (mean channel number, 520). This high dose (4000 units) of IFNy over 7 days 

resulted in only 14 % of class 11 MHC protein expression (Figure 3 panel b). 
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Figure 2. Response of EMT6 Cells to exogenous IFNy stimulation. Parental EMT6 and 
EMT6-NE0 tumor cells were incubated for 48 hours with recombinant murine IFNy 
ranging from 10-1000 units/ml (100 units/ml IFNy treatment only is shown as a 
representative experiment) and assessed for class I and class II MHC expression. EMT6 
tumor cells were stained with fluorescein isothiocyanate conjugated anti-class II MHC 
mAb (FITC-I-A'') (A, panels c, d) and R-phycoerythrin conjugated anti-class I MHC mAb 
(PE-H-2D'') (A, panels a, b). B16-F10 melanoma cells were included as controls and 
similarly stained with anti-I-A'' (B, panel a, see next page) and anti-H-2 K*" D*" (B, panel b) 
monoclonal antibodies followed by FITC goat anti mouse antibody. Dotted lines refer to 
isotype controls for class I and class II MHC staining respectively. Dashed lines represent 
unstimulated cells and solid lines represent IFNy stimulated cells. Abscissa represents 4 log 
cycles of fluorescence intensity. 
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Figure 3. Long Term IFNy stimulation of EMT6 cells. EMT6 cells were continuously 
stimulated with IFNy (100 units/ml) for seven days for a cumulative dose of 4000 units 
IFNy and assessed for class I and class Q MHC expression. EMT6 tumor cells were 
stained with R-phycoerythrin conjugated anti-class I MHC mAb (PE-H-2D'') (panel a) and 
fluorescein isothiocyanate conjugated anti-class H MHC mAb (FTTC-I-A*') (panel b). 
EMT6-CL0NE B17 was used as a positive control for class II MHC expression 
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Effficicncv of Transduction Using an IFNv Retroviral Vector 

Studies were done to determine the eflSciency of transduction using a replication 

defective retroviral vector containing the mouse IFNy transgene (Viagene Inc. San Diego, 

CA) and either 4 or 8 |xg polybrene/ml a-lO-MEM. EMT6 transfectants were plated at a 

concentration of 10^ and 10^ cells/ culture dish and selected in a-lO-MEM containing 400 

Hg/ml G418 for 2 weeks. Control plates consisted of 10^ and 10^ transfectants cultured in 

a-lO-MEM. After staining, colonies were counted and the eflBciency of transduction was 

calculated as the number of EMT6 transduced colonies cultured in G418 containing 

medium / number of EMT6 transduced colonies cultured in non-selective medium x 100. 

The data (Table 1) show that the percentage of successfiiUy transduced cells ranged from 

16-18 % when 8 pig/ml polybrene were used to facilitate transduction and from 10-16.2 % 

when 4 |j.g/ml polybrene were used. These results demonstrate that transduction efficiency 

of EMT6 cells with the IFNy retroviral vector described in this study ranges from 10-18 % 

and that as low as 4 |ig/ml polybrene can be used to facilitate the transduction process. 



Table I. Efficiency of transduction using the IFNy retroviral vector 
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8 ng/ml polybrene 4 (ag/ml polybrene 

# of cells plated 10^ 10^ 10^ 10^ 

EflBciency of transduction 18.1 16 10.1 16.2 
(% of transduced cells) 

In order to determine the eflBciency of transduction using the IFNy retroviral vector and 
either 4 or 8 jig polybrene/ml a-lO-MEM, EMT6 transfectants were plated at a 
concentration of 10^ and 10^ and selected in a-lO-MEM containing 400 (ig/ml G418 for 
2 weeks. Control culture dishes contained 10^ and 10^ transfectants cultured in a-lO-
MEM. The eflBciency of transduction was calculated as the number of EMT6 transduced 
colonies cultured in G418 containing medium/number of EMT6 transduced colonies 
cultured in non-selective medium x 100. 

Eipression of IVfHC Antigens on IFNY Gene-Transdluced EMT6 Cells 

Following the failure to demonstrate responsiveness by EMT6 cells to exogenously 

administered IFNy after 48 hours, studies were done to ascertain the eflfect of EFNy 

transgene on MHC expression. The level of class IMHC expression was not aflfected by 

IFNy gene transduction since the fluorescence intensity of control gene-modified cells 

(EMT6-NE0) and of one of the representative IFNy transduced clones, EMT6-CL0NE 

B17, cells were similar (Figure 4 panels a, b). The transfer of the IFNy gene into EMT6 

cells resulted in induction of class II MHC (I-A**; EMT6-CL0NE B17, panel d). In 

contrast, cells transduced with vector containing the selectable marker (Neo") gene 

(EMT6-NE0) did not express class O (panel c), and the constitutive expression of class I 

was unchanged (panel a). 
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Analysis of MHC antigen expression was performed on a total of 48 selected IFNy 

transduced clones of which 4 representative clones are shown in Figure 5. Expression of 

MHC class n in EMT6-CL0NE A14 was similar to EMT6-CL0NE B17 (Figure 5). 

Other clones were found to express class II MHC at various levels (ranging from 64-99 % 

for clones A12, A21, Bll, and B14, data not shown) whereas clones such as AlO or B7 

(Figure 5) only expressed class I MHC at a level comparable to that of EMT6-CL0NE 

B17. MHC expression by each IFNy transduced clone was stable over time. 

EMT6 • NEO 

d 
A' 

FLUORESCENCE 

Figure 4. Analysis of class I and II MHC expression on EMT6 IFNy gene-transduced 
cells. Parental EMT6, EMT6-NE0 and EMT6-CL0NE B17 tumor cells were stained 
with fluorescein isothiocyanate conjugated anti-class II MHC mAb (FITC-I-A'') (c, d) and 
R-phycoerythrin conjugated anti-class I MHC mAb (PE-H-2D'') (a, b). Dotted lines refer 
to isotype controls IgG2a-PE and IgG2b-FITC for class I and class II MHC staining 
respectively. Abscissa represents 4 log cycles of fluorescence intensity. 
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Fiexire 5. Analysis of class I and IIMHC expression on EMT6 IFNy gene-transduced 
clones. IFNY transduced EMT6 clones B17, A14, AlO, and B7 were stained with 
fluorescein isothiocyanate conjugated anti-class II MHC mAb (FITC-I-A"') (abscissa) and 
R-phycoerythrin conjugated anti-class I MHC mAb (PE-H-2D'') (ordinata). 
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Effect of Irradiation on Qass I and IT MHC Expression bv Transduced EMT6 Cells 

The employment of gene-transduced tumor cells as a cancer-vaccine presupposes the 

use of irradiated cells, since viable replicating tumor cells are not a feasible option for 

clinical use in the treatment of cancer. Experiments were done to determine if irradiation 

would affect MHC antigen expression by IFNy-transduced EMT6 cells. 

Parental EMT6, EMT6-NE0 and EMT6-CL0NE B17 (Figure 6 panels a, d, g) were 

irradiated with a dose of 100 Gy and stained for class I and n MHC immediately following 

irradiation (Figure 6 panels b, e, h) and after 48 hours of incubation post-irradiation 

(Figure 6 panels c, f, i). The data show that irradiation did not affect the level of class I 

MHC expression on parental, mock-transduced or IFNy-transduced EMT6-CL0NE B17. 

More importantly, the expression of class II MHC by IFNy-transduced CLONE B17 was 

unchanged (Figure 6, panels h, i). 
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Figure 6. Analysis of class I and IIMHC expression on irradiated IFNy gene-transduced 
EMT6 cellsJlhs effect of irradiation on class I and n MHC expression was assessed by 
flow cytometry analysis. Parental EMT6, EMT6-NE0 and EMT6-CL0NE BI7 were 
irradiated with a dose of 100 Gy and stained for class I and Q MHC immediately following 
irradiation and after 48 hours of incubation. Tumor cells were stained with fluorescein 
isothiocyanate conjugated anti-class II MHC mAb (FTTC-I-A'') (abscissa) and R-
phycoerythrin conjugated anti-class I MHC mAb (PE-H-2D'') (ordinata). 
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Expression of the EFNv Receptor on IFNv-Gene Transduced EMT6 Cells 

In order to determine if transduction of the IFNy gene affected the expression of the 

IFNy receptor on EMT6 ceils, EMT6-CL0NE B17 and EMT6-NE0 were stained with 

monoclonal antibodies specific for the alpha and beta chains of the receptor and analyzed 

by flow cytometry (Figure 7). The mock transduced EMT6 and the EMT6-CL0NE B17 

cells expressed the alpha and beta chain of the IFNy receptor as demonstrated by the 

binding of mAb G320 (Figure 7 a, b) and mAb MOB47 (Figure 7 c, d) respectively. The 

data also show a lower number of IFNy receptors available for binding to the blocking 

antibodies G320 or MOB47 on the EMT6-CL0NE B17 than on EMT6-NE0 cells. In 

order to detect the total number of IFNy receptors (occupied by IFNy and empty), the 

non-blocking monoclonal antibody (MOB55) which binds the IFNy beta chain in the 

presence or absence of IFNy was used to stain EMT6-CL0NE B17 and EMT6-NE0 

cells. None of the cell lines showed a significant shift in fluorescence intensity relative to 

the isotype control which suggested that this antibody was not as effective as mAb 

MOB47 in binding the IFNy receptor (as it was previously shown for IFNy receptor 

staining of EMT6 cells, refer to Figure 1). These data indicate that after IFNy gene 

transfer, EMT6 cells still express IFNy receptor although at a slightly lower level than 

parental or mock transduced EMT6 cells. 
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Figure 7. Analysis of IFNy receptor on IFNy gene-transduced EMT6 cells. EMT6-
CLONE B17 (panels b, d) and EMT6-NE0 (panels a, c) cells were analyzed by flow 
cytometry for the expression of IFNy receptor. Tumor ceils were stained with monoclonal 
antibodies specific for the IFNy receptor alpha (a, b) and beta (c, d) chains. An irrelevant, 
isotype-matched mAb was used as control. Abscissa represents 4 log cycles of 
fluorescence intensity. 
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Etnression of the B7-1 Costimulatorv Molecule on IFNv Gene-Transduced EMT6 

Studies were conducted to determine if transfer of the IFNy gene into EMT6 cells 

induced B7-1 (CD80) costimulatory molecule expression. EMT6-CL0NE B17 cells and 

mock transduced EMT6-NE0 controls were stained with anti-CD80 monoclonal antibody 

followed by staining with FITC-anti rat F(ab')2 and analyzed by flow cytometry (Figure 8). 

EMT6-CL0NE B17 tumor cells did not express B7l as shown in Figure 9b demonstrating 

that transfer of the EFNy gene into EMT6 cells did not induce surface B7-1 costimulatory 

molecule expression. 

Figure 8. Analysis of B7-I costimulatory molecule on IFNy gene-transduced EMT6 cells. 
EMT6-CL0NE BI7 cells and mock transduced EMT6-NE0 cells were stained with anti-
CD80 monoclonal antibody followed by stainmg with FITC-goat anti rat F(ab')2 and 
analyzed by flow cytometry for the expression of B7-r(CD80) costimulatory molecule, 
solid line. Cells stained with secondary antibody alone (FITC-anti rat) were used as 
isotype control, dashed line. Abscissa represents 4 log cycles of fluorescence intensity. 
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IFNv Gene Expression by IFNY Gene-Transduced EMT6 ceils 

In order to determine if the IFNy transgene was expressed in transduced tumor cells, 

total RNA was isolated, reverse transcribed to cDNA and analyzed by RT-PCR. The 

results (Figure 9, panel A) demonstrated that IFNy transduced EMT6-CL0NE B17 cells 

(lane 4) expressed the IFNy transgene. In contrast, unmodified parental EMT6 (lane 6) 

and EMT6-NE0 tumor cells (lane 8) did not express the m^y gene. As a control, PGR 

was performed using histone primers (panel B) on cDNA from EMT6-CL0NE B17, (lane 

2), EMT6 (lane 3), EMT6-NE0 (lane 4). 
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Figure 9. IFNy gene expression by IFNy gene-transduced EMT6 cells. IFNy transduced 
EMT6 tumor cells (E\^6-CL0NE B17) were analyzed for gene expression by RT-PCR. 
The PCR product of IFNy is 293 bp. Lane 1, 1 Kb ladder, lane 2, PGR control (no cDNA 
template); lane 3, 5, 7 RT controls [mRNA (without ReverseTranscriptase) obtained from 
EMT6-CL0NE B17, unmodified EMT6 and EMT6-NE0 tumor cells respectively]; lane 
4, cDNA obtained from EMT6-CL0NE 817; lane 6, cDNA obtained from unmodified 
EMT6 tumor cells; lane 8, cDNA obtained from EMT6-NEO tumor cells. As a control, 
PCR was performed using histone primers (panel b) on cDNA from EMT6-CL0NE B17, 
(lane 2), EMT6 (lane 3), EMT6-NE0 (lane 4) cells. 
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Einression of the CllTA Gene in Transduced EMT6 Cells 

Since it has been shown that IFNy-induction of class II MHC requires expression of the 

class n transactivator (CIITA) in humans (88, 90), we hypothesized that class II MHC 

expression in IFNy-transduced mouse cells (EMT6-CL0NE BI7) would correlate with 

expression of the CIITA gene. Since the mouse CIITA homolog has not been 

characterized, human CIITA primers were used to assess gene expression by touchdown 

(TD) PCR. The resuhs show that EMT6-CL0NE B17 cells as well as IFNy-stimulated 

EMT6 and EMT6-NE0 cells expressed a 471 bp product (Figure 10, lanes 7, 4, 6) that 

was not detectable in unstimulated EMT6 and EMT6-NE0 cells. (Figure 10, lanes 3, 5). 

Similar expression of CIITA was observed in all class n expressing clones analyzed 

(Figure 11). CIITA expression was directly correlated with the percentage of class II 

MHC molecule expressed by each clone with the higher class II expressing clones B17, 

B14, B11 (Figure 11, lane 8, 7, 6 respectively) showing the most intense bands of CIITA 

PCR product. Search of GenBank revealed that the sequenced RT-PCR product showed 

highest similarity to human CIITA cDNA. Sequence alignment revealed 79% identity with 

human CTEA gene spanning base pairs 2902 and 3330. (see APPENDIX I). The identity 

at the protein level was 81% (Figure 5b). These findings demonstrate that IFNy-

transduced EMT6 cells in which class II MHC antigens are induced also express a mouse 

gene that is similar to the human CIITA gene. 
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FigurelO. Expression of CIITA gene in IFNygene-transduced and IFNy stimulated EMT6 
cells. cDNA obtained from IFNy-transduced and IFNy-stimuIated EMT6 ceils was 
analyzed by Touchdown-RT-PCR using human CIITA primers (lanes 3-7). The PGR 
product of CnTA is 471 bp. Lane I, molecular weight marker Vni; lane 2, PCR control 
(no cDNA template); lane 3, cDNA obtained from EMT6 cells; lane 4, cDNA obtained 
from EMT6 cells stimulated with 100 units/mi IFNy; lane 5, cDNA obtained from EMT6-
NEO cells; lane 6, cDNA obtained from EMT6-NE0 cells stimulated with 100 units/ml 
IFNy; lane 7, cDNA obtained from EFNy-transduced EMT6-CL0NE B17 tumor cells. 
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Figure 11. Expression of CIITA gene in IFNy gene-transduced EMT6 clones and 
correlation with class II MHC expression. cDNA from IFNy transduced EMT6 clones 
was analyzed by Touchdown PCR using human CIITA primers (lane 3-8). The PGR 
product of CnTA is 471 bp. Top panel lane 1, 100 bp molecular weight ladder, lane 2, 
MS2 cDNA control; lane 3, PCR control (no cDNA template); lane 4, cDNA obtained 
from EMT6-CL0NE A12 (19% + class II MHC); lane 5, cDNA obtained from EMT6-
CLONE A21 (64% + class U. MHC); lane 6, cDNA obtained from EMT6-CL0NE Bll 
(94% + class II MHC); lane 7, cDNA obtained from clone B14 (99% + class II MHC); 
lane 8, cDNA obtained from EMT6-CL0NE 317 (100% + class II MHC). Bottom panel. 
Lanes represent actin gene expression of all clones in the order shown in the top panel. 
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Secretion of EFNv bv Gene-Modified EMT6 Cells 

After having ascertained the presence of IFNy transgene in IFNy-transduced cells, the 

next task was to demonstrate that the IFNy protein was in fact secreted. The amount of 

IFNy secreted by transduced EMT6 cells was determined using an ELISA (Genzyme) on 

48 hours cell culture supematants obtained from parental EMT6, EMT6-NE0 and EMT6-

CLONE B17 tumor cells (Table 2). The results showed that EMT6-CL0NE B17 tumor 

cells secreted 16,700 pg/ml per 10® of IFNy (equivalent to 75 units/ml) whereas EMT6-

NEO and parental EMT6 cells did not produce any detectable IFNy (< 125 pg/ml). IFNy-

transduced EMT6-CL0NES A14, AlO, and B7 supematants were also screened by 

ELISA for the presence of IFNy (Table 3). MHC class II expressing CLONE A14 was 

shown to be a high producer of IFNy (43.5 Units/ml/10® cells) although the amount of 

IFNy secreted was still lower than that of CLONE B17. EMT6-CL0NES AlO and B7 

(MHC class II negative clones) did not produce a significant amount of IFNy (<1 

Unit/ml/10® cells). These results confirmed that IFNy transduced EMT6 cells were capable 

of secreting IFNy. 



Table 2. IFNy production by IFNy-transduced EMT6 cells 
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Cell line* pg/ml/10® cells Units/ml/10® cells 

EMT6 ND b ND 

EMT6-NE0 ND ND 

EMT6 CLONE BI7 16,700 ± 1.33 74.80 ± 0.00 

EMT6-CL0NE A14 9710 ± 217 43.50 ±0.98 

EMT6-CL0NE AlO 181 ±28.1 0.81 ±0.12 

EMT6-CL0NE 37 171 ± 107.5 0.76 ± 0.48 

'IFNy production was determined by ELISA (Genzyme) in 48 hours cell culture 
supematants obtained from EMT6, EMT6-NE0, EMT6-CL0NE 817, A14, AlO, 37 
tumor cells. ND = Not Detectable (< 125 pg/ml). Values represent mean ± SD of 
triplicate supematants of a representative experiment. 

Effect of Irradiation on DFNY Secretion bv Transduced EMT6 Cells 

It was important to assess the effect of gamma irradiation on the ability of EMT6-

CLONE 317 cells to secrete IFNy since non-replicating cytokine-producing tumor cells 

would constitute the most desirable vaccine in the clinical setting. For this purpose IFNy 

producing EMT6-CL0NE 317 cells were gamma irradiated and analyzed for IFNy 

production. The results (Table 4) show that even at high doses of irradiation (200 Gy) 

transduced cells still retained the ability to secrete IFNy albeit at much lower levels. 

Irradiation doses above 50 Gy did not further decrease IFNy production. Furthermore, 



IFNy was detectable in culture supematants for up to 6 days post-high dose irradiation 

(200 Gy). Significantly, irradiation did not affect the level of expression of class IIMHC 

(see Figure 7). 

Table 3. Effect of irradiation on IFNy production by EMT6-CL0NE B17* 

Davs 

2 4 6 

DOSE (Gy) Units/mI/10® cells Units/ml/10® cells Units/ml/10® cells 

50 11.7± 1.78 11.6 ±0.61 12.5 ± 0.40 

100 6.63 ± 0.74 8.34 ± 1.78 8.83 ±0.12 

200 8.52 ± 1.61 13.2 ± 1.08 15.5 ±0.12 

'EMT6-CL0NE B17 tumor cells were examined by ELISA (Genzyme) for long term 
production of IFNy after treatment with increasing doses of gamma irradiation. Values 
represent means ± SD of triplicate supematants of a representative experiment. 

Determination of Biological activity in Supernatants from EMT6-CLONE B17 

In order to evaluate the biological activity of IFNy secreted by transduced EMT6 cells, 

supematants collected fi-om 24 hour EMT6-CL0NE B17 cultures were used to stimulate 

IFNy-responsive B16-F10 tumor cells for 48 hours (Figure 12). The presence of biological 

activity in IFNy secreted by transduced cells was confirmed by the ability of the collected 



supematants to increase membrane class IMHC expression (Figure 12a) and to induce 

class n MHC expression (Figure I2b) in B16-F10 tumor cells. On the contrary, 48 hour-

stimulation of EMT6 cells with EMT6-CL0NE 317 supematants did not have any effect 

on the expression of MHC antigens (data not shown). This was expected, since long term 

stimulation with IFNy was necessary to upregulate class I or induce class II MHC 

expression in EMT6 cells (refer to Figure 3). 

In Vitro Tumor Growth of IFNv Gene-Transduced E1VIT6 Cells 

In order to determine whether transfer of the IFNy gene into EMT6 cells retarded their 

growth, the in vitro growth kinetics of IFNy-transduced cells (EMT6-CL0NE 317, AIO, 

A14, 37) was compared to that of parental EMT6 and mock-transduced EMT6-NE0 

cells (Figure 13). EMT6-CL0NES 317 and A14 grew at the same rate as EMT6-NE0 

and slightly slower than parental EMT6 cells (Figure 13). The growth rates of EMT6-

CLONE AIO and 37 ware slightly reduced compared to CLONES 317 and A14. After 48 

hours of incubation, cell counts for CLONES 37 and AIO were 6.2 x 10^ and 6.6 x 10^ 

cells/plate respectively compared to 7.34 x 10^ and 7.45 x lO' cells /plate for A14 and 

317. After 60 hours of incubation, cell counts for CLONES 37 and AIO were 1.28 x 10® 

and 1.39 x 10® compared to 1.49 x 10®and 1.79 x 10 x 10® for A14 and 317, respectively. 

These data suggested that insertion of the Neo^-gene in itself may induce a slight decrease 

in tumor growth (as previously reported by others, 52). Furthermore, the growth rates of 

class II MHC negative CLONES AIO and 37 were reduced as compared to class II MHC 
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positive clones B17 and A14. These data also suggest that transfer of the IFNy gene did 

not have an anti-proliferative effect on the growth of EMT6 tumor clones in vitro. 
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Figure 12. Determination of biological activity in supematants from EMT6-CL0NE BI7 
Supematants were collected from 48 hour cultures of IFNy-producing EMT6-CL0NE 
B17 and concentrated 10 x. Prior to use, the supematants were diluted to I x in a-lO-
MEM medium. Biological activity was assessed by measuring the membrane expression of 
class I and class II MHC antigens by IFNy-responsive BI6-F10 tumor cells incubated 48 
hour earlier with cell supernatant. B16-F10 melanoma cells treated with recombinant 
murine EFNy (100 units/ml) were included as controls. Tumor cells were stained anti-H-2 
K** D** (a) and with anti-I-A** (b) monoclonal antibodies followed by FITC goat anti-mouse 
antibody. Abscissa represents 4 log cycles of fluorescence intensity. 
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Figure 13. In vitro growth of IFNy gene-transduced EMT6 clones. The in vitro growth 
kinetics of EMT6-IFNY transduced clones B17, A14, AlO, B7, EMT6-NE0 and parental 
EMT6 cells were compared. Growth was monitored at 24, 48, 60, hours post incubation. 
Tumor cells were seeded at time 0 at a concentration of 10^ cells/dish in triplicate sets, one 
for each time point. B17 and A14 clones are double positive for MHC class I and EL 
expression; B7 and AlO clones are positiveonly for MHC class I. 

In Vivo Tumor Growth of EFNv Gene-Transduced EMT6 Cells 

In vivo growth of IFNy-transduced EMT6 cells was determined in euthymic 

(immunocompetent) BALB/c mice. Mice were injected either with 10^ viable EMT6-

CLONE B17 (Figure 14a) or EMT6-NE0 (Figure 14b) tumor cells. Tumor growth was 

monitored for 28 days. The data from a representative experiment demonstrated that 

tumor growth was inhibited in 7 out of 8 mice injected with EMT6-CL0NE B17 (100% 



positive for MHC class II expression) with rejection occurring in one mouse. In contrast, 

tumors grew progressively in all 8 animals injected with EMT6-NE0 cells. By day 28, 

EMT6-NE0 tumors had reached a maximum of4800 nmi^ whereas the majority of tumors 

in animals injected with the IFNy-transduced EMT6-CL0NE B17 cells were below 1000 

mm^. Mice that rejected the first tumor inoculation were pooled fi-om two experiments and 

were challenged with parental EMT6 cells three months after they received the primary 

tumor inoculum. The results (Table 5) indicate that mice that rejected the primary tumor 

were resistant to re-challenge with parental unmodified EMT6 tumor cells. Moreover, 

these data support the acquisition of long term immunity in these animals. 



> 
g  

5()00 

4500 

4000 

35(M) 

3000 H 

2500 

2000-

1500-

1000-

500-

0 

EMT6-CL0NE B17 EMT6-NEO 

4000-

35(M) -

3000-

2000-

1000-

500-

DAYS POST-INJECTION 

Figure 14. In vivo growth of EMT6-CL0NE BI7 andEMT6-NE0 tumor cells. Sixteen BALB/c mice (8 animals/group) were 
injected either with lO' viable EMT6-CL0NE B17 (A) or EMT6-NE0 (B) in 0.1 ml PBS in the right flank. Tumor growth was 
monitored for 28 days. Each line represents tumor growth in individual animals (see next page). 
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Table 4. Induction of long term immunity by IFNy gene-transduced tumor cells 

# of mice with tumors 

Tumor 1° injection* 2° challenge'' 

EMT6 5/5 ND'= 

EMT6-CL0NE B17 8/10 0/2 

* Bzdb/c mice were injected s.c. in the right flank with 1 x 10^ of the indicated tumor cells. 
Tumor growth was monitored for 28 days. 
'' Mice that rejected the first tumor inoculation were challenged with parental EMT6 cells 
3 months after they received the primary tumor inoculum. 
"ND = not done. 

Detection of IFNY Transeene in Freshly Isolated Transduced EMT6 Tumors 

In those animals in which EMT6-CL0NE B17 tumors were not rejected, we explored 

the possibility that this was due to loss of the DFNY transgene. DNA fi-om fireshly isolated 

CLONE B17 tumors obtained from mice with different tumor burdens (average size; 

small: 20nim^, medium: 100 mm\ large: 280 mm^) was analyzed by PCR using primers 

specific for the IFNy retroviral construct (used for transduction) spanning the IFNy gene 

(5' primer) and the SV40 promoter (3' primer). The results (Figure 15) show that all 

fi-eshly isolated B17 tumors analyzed still retained the IFNy transgene (PCR product of 

~900bp). 
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Figure 15. Assessment of IFNy transgene in freshly isolated EMT6-CL0NE BJ7 
tumors by PCR. DNA from freshly isolated EMT6-CLONEB17 tumor cells obtained from 
mice with different tumor burdens (average size: small: 20mm^, medium: 100 nlm^ large: 
280 mm^) was analyzed by PCR using primers specific for the IFNy retroviral construct 
spanning the DrNy gene (5' primer) and the SV40 promoter (3' primer). The PCR produa 
of IFNy is -900 bp. Lane I, molecular weight marker Vni; lane 2, PCR control (no DNA 
template); lanes 3, 4, DNA obtained from small tumor # 1 and 2 respectively; lanes 5, 6, 7, 
DNA obtained from medium tumor # 1, 2, 3 respectively; lanes 8, 9, DNA obtained from 
large tumor # I and 2 respectively. The area comprising the molecular weight markerVin 
was darkened to improve legibility of DNA bands. 
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Eipression of Class I and JT MTff! in Freshly Isolated Transduced 
EMT6 Tumors 

The finding that IFNy transgene was retained in growing EMT6-CL0NE B17 tumors 

led to the question of whether the IFNy transgene was still functional. Since the induction 

of class n was one of the immediate effects of IFNy gene transfer and one of the most 

important features of CLONE B17 cells, expression of class IIMHC was used as an 

indicator of IFNy transgene function. Therefore, freshly isolated EMT6-CL0NE 317 

tumor cells were analyzed for the expression of class II MHC by flow cytometry as 

previously described. The results (Figure 16) show that class II MHC expression by 

freshly isolated B17 cells was generally downregulated although a correlation between 

tumor burden and class II expression could not be made. These results suggested that 

downregulation of class II MHC expression may contribute to some of the growth of 

EMT6-CL0NE B17 tumor in vivo. 
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Figure 16. Expression of class IIMHC by freshly isolated EMT6-CL0NE B17 tumors. 
Freshly isolated EMT6-CL0NE B17 tumor cells were stained with fluorescein 
isothiocyanate conjugated anti-class II MHC mAb (FITC-I-A''). In vitro cultured EMT6-
CLONE B17 tumor cells were used as positive control. Abscissa represents 4 log cycles of 
fluorescence intensity. Average size of resected tumors: small; 20 mm^, medium; 100 
mm^, large; 280 mm^. 

In Vivo Growth of tFNv GcBe-Transduced B16-F10 Melanoma 

In order to test the universality of IFNy transgene expression in tumor immunogenicity 

in another tumor model, in vivo growth of IFNy-transduced B 16-FlO melanoma cells was 

determined in CS7BL/6 mice. Ten C57BL/6 mice were injected s.c. in the right flank with 

lO' viable IFNy gene-transduced B16-FI0 melanoma cells (Figure 17). Ten animals 

received 10^ parental B16-F10 melanoma cells and represented the control group. Tumor 

growth was monitored for 2 months. The results (Figure 17) demonstrated that the 



growth of IFNy- transduced B16-F10 was inhibited in 7 out of 10 mice. In contrast 

parental B16-F10 melanoma cells grew unchecked in 10 out of 10 mice. Furthermore, 

mice that received IFNy-transduced B16-F10 melanoma challenge did not develop tumors 

until day 17, demonstrating an increased latency period of IFNy transduced melanoma 

cells. In contrast, by day 17 parental B16-F10 tumors had reached an average tumor size 

of 2700 mm^. While animals injected with parental cells had to be terminated because of 

the excessive tumor burden, the growth of IFNy-transduced B 16-FlO tumor continued to 

be monitored up to day 56. At this time point the majority of tumors (7 out of 10) were 

still below 1000 nrun^. These results are similar to the findings reported for the IFNy gene-

transduced EMT6 tumor. 
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Figure 17. In vivo growth of IFNy gene-transduced B16-F10 melanoma. Ten C57BL/6 
mice were injected s.c. in the right flank with lO' viable IFNy gene-transduced B16-F10 
melanoma cells in O.I ml PBS. Ten control animals received 10^ parental BI6-F10 
melanoma cells. Tumor growth was monitored for 56 days. 



Eipression of Pass I and 11 MTir hv Freshly Isolated IFNY Gene-Transduced 
B16-F10 Melanoma 

The growth of IFNy gene-transduced B16-F10 cells was inhibited in vivo and the 

latency period was considerably increased with respect to parental cells. Yet, IFNy gene-

transduced B16-F10 melanomas eventually developed in C57BL/6 mice between day 17-

56. In order to determine whether downregulation of class II expression may have 

contributed to the growth of these tumors, as with EMT6 IFNy transductants, freshly 

isolated IFNy transduced B16-F10 tumor cells were analyzed for the expression of class I 

and n MHC by flow cytometry as previously described. The results (Figure 18) show that 

class n MHC expression by freshly isolated IFNy-transduced B16-F10 tumor cells was 

indeed downregulated in the 2 tumors analyzed, whereas class I MHC expression was 

decreased in only one of the tumors (tumor # 2). These preliminary results suggested that 

downregulation of class 11 and class I MHC expression may contribute to the growth of 

IFNy-transduced B16-F10 tumors in vivo. 
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Figure 18. Expression of class I and IIMHC by freshly isolated IFNy gene-transduced 
BI6-F10 melanoma. IFNy-transduced B16-F10 melanoma, freshly isolated and in vitro 
cultured from two 2 tumors (tumor #1 and # 2) were stained with anti-H-2 K** D*" and anti-
I-A*" monoclonal antibodies followed by FITC goat anti-mouse antibody. IFNy-transduced 
in vitro cultured B16-F10 melanoma and parental B16-F10 were used as a positive and 
negative controls respectively for class II MHC expression. 



Development of Tumor Resistance in rmmiiniTed Animals 

The ability of IFNy-transduced tumor cells to induce immunity to wild type EMT6 cells 

was studied using an immunization-type approach (Figure 19). Naive BALB/c mice were 

immunized twice s.c. at day 0 (1° inununization) and at day 10 (2° immunization) with 5 x 

10® irradiated (100 Gy) EMT6-NE0, EMT6-CL0NE B17 tumor cells or a mixture of 

both at various ratios. Animals were challenged 14 days later with an inoculum of 1 x lO' 

parental EMT6 cells and tumor growth was monitored for 26 days (Figure 19). The 

inununization mixture was checked for class II MHC expression to 1) determine the 

proportions of each cell type in the immunization mixture, 2) confirm that irradiation did 

not affect expression of class II in transduced cells and 3) examine whether EMT6-

CLONE B17 cells played a bystander effect by affecting class I or II expression on EMT6-

NEO cells. The data in Table 5 show that the percentage of class II positive cells in the 

mixed population corresponded to the percentage of EMT6- CLONE B17 cells in the 

original mixture and was not affected by irradiation nor by a EMT6-CL0NE B17 

bystander effect. Expression of class I MHC molecules was unchanged. 

When mice were immunized with 100% EMT6-NE0, 11 out of 12 animals developed 

tumors indicating that immunization with mock transduced cells does not confer 

protective immunity. As the percentage of EMT6-CL0NE B17 cells in the immunization 

mixture increased from 10% to 100%, the number of animals bearing tumors decreased in 

a dose response fashion (Figure 19). Immunizations with 100% EMT6-CL0NE B17 cells 

followed by challenge with parental EMT6 cells resulted in tumor rejection in 67% of 
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animals (8 out of 12) and in the lowest mean tumor volumes (709 mm^) (Figure 19). 

Animals that rejected the tumor challenge remained tumor free until th^ were terminated 

on day 56. 

To confirm that 10 % EMT6-CL0NE B17 could confer protection against subsequent 

challenge with parental cells, an experiment was conducted in which BALB/c mice were 

immunized with a dose of irradiated EMT6-CL0NE B17 cells corresponding only to the 

10% portion of the immunization mixture previously used (equivalent to 5 x lO' B17 

cells). The data (Table 6) demonstrated that 40% (4 out of 10) of mice immunized with 5 

X lO' EMT6-CL0NE B17 cells rejected a subsequent challenge with parental cells. 

Seventy percent (7 out of 10) of the mice remained EMT6 tumor free when immunized 

with 5 X 10® B17 cells, confirming the results reported in the previous experiment (Figure 

19). These results demonstrated that EMT6-CL0NE B17 cells are capable of inducing 

protection against subsequent challenge with parental, unmodified tumor cells, and that 10 

% EMT6-CL0NE B17 (equivalent to 5 x 10^ IFNy transduced cells tumor cells) in the 

immunization mixture is sufiBcient to induce immunologic resistance to wild type tumor 

cells. 
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Table 5. Analysis of class IIMHC expression in mixed population of transduced cells post 
irradiation 

% positive I hr post-irradiation' % positive 48 hr post-irradiation 

Mixture class I class I and n class I class I and II 

10% EMT6-CL0NE B17+ 
90% EMT6-NE0 

90.7 9.2 92.7 7.6 

20% EMT6-CL0NE 317 + 
80% EMT6-NE0 

83.4 16.5 86.7 13.3 

50% EMT6-CL0NE B17 + 
50% EMT6-NE0 

55 44.8 58.5 40.9 

100% NEO 99.4 0.3 99.3 0.1 

100% EMT6-CL0NE B17 0.1 99.8 1.7 98.3 

'Mixtures of irradiated EMT6-NE0 and IFNy-producing EMT6-CL0NE B17 cells were 
assessed for class n expression before and after 48 hours incubation. The tumor cells were 
stained with fluorescein isothiocyanate conjugated anti-class H MHC mAb (FITC-I-A"') 
and R-phycoerythrin conjugated anti-class I MHC mAb (PE-H-2D'') 
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Figure 19. Inhibition of tumor growth in immunized mice. BALB/c mice (12 per group) 
were immunized twice s.c. at day 0 and at day 10 with 5 x 10® irradiated (100 Gy) EMT6-
NEO, EMT6-B17 tumor cells or a mixture of the two at various ratios. Fourteen days 
post 2° immunization all groups received a s.c. challenge consisting of 10^ viable parental 
EMT6 cells. Tumor growth was monitored for 26 days post-tumor challenge. Number in 
parentheses represent mean tumor volume (mm^) in those animals that did not reject 
tumors in each treatment group. 



Table 6. Effect of immunization with 5 x 10^ EMT6-CLONE B17 cells on tumor growth 

Immunization animals w/out tumors mean tumor size of tumor bearing mice 

100% EMT6-CL0NE B17 7/10 1616 ± 870 mm^ 
(5 X 10^ cells) 

10% EMT6-CLONE B17 4/10 1646 ± 1098 mm^ 
(5 X lO' cells) 

BALB/c mice (10 per group) were immunized twice s.c. at day 0 and at day 10 with either 
5 X 10® or 5 X lO' irradiated (lOOGy) EMT6-CL0NE B17 tumor cells. Fourteen days after 
the second immunization the 2 groups received a s.c. challenge consisting of 10^ viable 
parental EMT6 cells. Tumor growth was monitored for 28 days after tumor challenge. 

Effects of IFNv-Gene Transduced EMT6 Vaccine on Established EMT6 Tumors 

In order to determine if vaccination with IFNy-gene transduced EMT6 cells was 

capable of inducing rejection of established EMT6 tumors, sbcteen naive BALB/c mice 

received a 1° challenge injection consisting of 1 x lO' viable EMT6 cells in the right flank 

at day 0. Twelve mice were vaccinated twice post-l° challenge s.c. in the right flank at day 

7 (1° vaccination) when EMT6 tumors were palpable (0.5-1 mm^) and in the left flank at 

day 17 (2° vaccination) with 5 x 10® irradiated (100 Gy) EMT6-CL0NE B17 cells. The 

remaining 4 non-vaccinated mice were used as control group to monitor the growth rate 

of the EMT6 tumor. Tumor growth was monitored for 26 days (Figure 20). The results 

showed no significant difference (two tail P value = 0.318) in the growth rate of EMT6 

tumors in mice vaccinated with EMT6-CL0NE B17 as compared with the growth rate of 

EMT6 in control animals. These results indicate that vaccinating twice with EMT6-
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CLONE B17 cells was not sufiBcient to induce rejection of established EMT6 tumors. This 

suggested that the number of EMT6 ceils in the challenge inoculum as well as the number 

of vaccinations post EMT6 challenge may be important variables involved in the rejection 

of established EMT6 tumors. 
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Figure 20. Vaccination of EMT6 tumor bearing animals with EMT6-CL0NE B17 
vaccine. The effect of vaccination with IFNy-transduced EMT6 cells on established EMT6 
tumors was anlyzed. Sixteen naive BALB/c mice received a 1° challenge injection 
consisting of 1 x 10^ viable EMT6 in the right flank at day 0. Twelve mice were 
vaccinated twice post-1 ° challenge s.c. in the right flank at day 7(1° vaccination) when 
EMT6 tumors were palpable (0.5-1 mm^) and in the left flank at day 17 (2° vaccination) 
with 5 X 10® irradiated (100 Gy) EMT6-CL0NE B17 cells. The remaining 4 non-
vaccinated mice were used as control group for EMT6 tumor growth. Tumor growth was 
monitored for 26 days. 
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Effector Cells Involved in Growth Inhibition of IFNY Gene-Transduced EMT6 Cells 

1. SCID Mice Studies 

To ascertain the involvement of T lymphocytes in the inhibition of IFNy-transduced 

EMT6 tumors, immunoincompetent SCDD-BALB/c (deficient in T or B lymphocytes) and 

immunocompetent BALB/c mice were injected in the right flank with either lO' viable 

EMT6, EMT6-NE0, or EMT6-CL0NE B17 tumor cells. Tumor growth was monitored 

for 28 days. EMT6-CL0NE B17 tumors grew at a slightly faster rate in SCID mice (550 

mm^) than in BALB/c mice (average tumor volume, 300 mm^) (Figure 21). Furthermore, 

the growth ofEMT6-CLONE BIT tumor was inhibited in both immunocompetent 

BALB/c and SCED animals as compared with the growth of parental and mock-transduced 

EMT6 tumors. The growth of EMT6-NE0 tumors was not significantly different between 

BALB/c and SCID mice. The average EMT6-NE0 tumor burdens in both groups of mice 

were equal with a mean value of 1100 mm^, whereas the mean tumor size of parental 

EMT6 tumors was slightly smaller in BALB/c mice (1400 mm') than in SCID mice (1700 

mm'). EMT6, EMT6-NE0 and EMT6-CL0NE B17 tumors were characterized by 

necrosis (manifesting between day 14-21) in SCID animals suggesting possible 

macrophage involvement. Moreover, the reduced growth rate ofEMT6-CLONE B17 in 

SCID mice compared with EMT6-NE0 suggests a possible role of macrophages activated 

by tumors secreting IFNy. The diminished growth rate of EMT6-CL0NE B17 in BALB/c 

as compared with SCID mice suggests involvement of T cells in the anti-tumor response. 



2. Winn Assay 

Although the SCID mice studies did not definitively prove the involvement of 

lymphocytes in inhibition of EMT6-CL0NE B17 tumor growth, the ability of mice 

immunized with EMT6-CL0NE B17 to resist a challenge with parental cells suggests the 

acquisition of a memory T cell response. In order to identify the T cell subset(s) 

responsible for this memory type-response and for the rejection of EMT6-CL0NE B17 in 

vivo, the Winn adoptive transfer assay was utilized. In this assay, specific subsets of 

effector lymphocytes were mixed with parental EMT6 cells (targets), and the "effector-

target" mixture was injected in naTve animals. In order to perform this assay, nylon wool 

purified lymphocytes (obtained fi"om EMT6-CL0NE B17-immunized animals that rejected 

a challenge with parental EMT6 cells) were depleted of 004"^ or CDS"^ T cell subsets by 

treatment with antibody plus complement (Table 7). The results (Table 7) show that 25% 

of the lymphocyte population was depleted by anti-CD8 plus complement treatment 

whereas 47% of the cells were eliminated following anti-CD4 plus complement treatment. 

These percentages reflected the typical CD4^ to CD8^ T cell subset ratio found in 

lymphocyte populations obtained fi-om lymph nodes. Surprisingly, simultaneous treatment 

of the lymphocyte populations with anti-CD4 and anti-CD8 plus complement resulted in 

incomplete depletion of both lymphocyte subsets as demonstrated by the viability of these 

cells after treatment (47%). The depletion results were confirmed by flow cytometric 

analysis (data not shown). Controls consisting of cells treated with antibodies alone or 

complement alone retained a high level of cell viability (98% and 82% viability 

respectively). 



The cell populations depleted of T cells subsets were mixed with viable EMT6 tumor 

cells to give an effector to target ratio of 7; 1. Five effector/target mixtures were obtained 

as follows and used to inject 5 groups (5 mice each) of BALB/c mice: 1) anti-CD8 + 

complement treated lymphocytes/EMT6 cells; 2) anti-CD4 + complement treated 

lymphocytes/EMT6 cells; 3) anti-CD8 + anti-CD4 + complement treated 

lymphocytes/EMT6 cells, 4) anti-CD8 + anti-CD4 treated lymphocytes/EMT6 cells, and 

5) complement treated lymphocytes/EMT6 cells. A control group received 1 x lO' EMT6 

cells alone. The results (Figure 21) show that tumors from cell mixtures depleted of the 

CD4*T cell subset (mean tumor volume, 1373 ± 630 mm^ at day 21) grew at a rate 

comparable to animals injected with EMT6 cells only (mean tumor volume, 1175 ± 795 

mm^). In contrast, in animals injected with tumor cell mixtures depleted of CD8^ T cells, 

tumors grew at a reduced rate (mean tumor volume, 249.3 ±318 mm'). These data 

suggest that CD4^ T cells are primarily responsible for tumor growth inhibition in vivo. 

When the effector cells in the mixture were depleted of bothCD4'^ and CDS* T cells, tumor 

growth was not significantly different (P value = 0.36) from control animals injected with 

EMT6 cells alone. When the lymphocytes in the tumor cell mixture were incubated with 

anti-CD4 plus anti-CD8 or complement alone, tumor size was comparable in the two 

treatment groups (mean tumor volume, 672.9 ± 380 mm' and 1005 ± 32.2 mm' 

respectively) suggesting that neither antibody nor complement treatment was toxic to the 

cells. However, the average EMT6 tumor volumes in these two groups was larger than 

that of animals injected with the effector tumor mixture depleted of T cells (mean 



tumor volume, 249.3 ±318 mm^). These results suggest the presence of a population of 

CDS"^ T cells capable of downregulating CDA* T cell functions. These findings seem to be 

confounding since the lymphocyte populations used in the mbctures received multiple 

antigenic stimulation (two immunizations plus challenge) before adoptive transfer and 

should have consisted of activated T cell populations. The presence of this CD8^ 

regulatory T cell population in animals that have rejected a tumor challenge suggests a 

role for these cells as "suppressors" turning off the anti-tumor response once rejection of 

the parental tumor has occurred. The induction of suppressor T cells in the 

downregulation of the anti-tumor response is also supported by the studies by Berendt and 

North (22). Furthermore, since the number of these cells would be expected to be the 

highest at the peak of the anti-tumor immune response, the possibility exists that they were 

concomitantly isolated with the 004"^ activated T cell populations. 

In summary, these results show that CD4* T cell populations constituted the major anti

tumor effector T cell component involved in EMT6 tumor growth inhibition. In addition, 

the data suggest that CDS"^ T cell populations may be exerting a negative regulator 

function on €04"^ T cells. 
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Figure 21. In vivo growth of EMT6-CL0NE B17 and EMT6-NE0 tumor cells in 
immunocompetent BALB/c and immunoincompetent SCID BALB/c mice. To ascertain the 
involvement of T lymphocytes in the inhibition of growth of IFNy-transduced EMT6 cells, 
immunocompetent BALB/c mice and immunoincompetent SCBD-BALB/c (deficient in T 
or B lymphocytes) were injected in the right flank with either lO' viable EMT6, EMT6-
NEO, or EMT6-CL0NE B17 in 0.1 ml PBS. Tumor growth was monitored for 28 days. 
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Table 7. Lymphocyte viability after antibody/complement depletion 

Treatment % viable cells' % dead cells 
(depleted Ivmphocvtes) 

Anti-CD8 + complement 75 25 
Anti-CD4 + complement 53 47 
Anti-CD8 + anti-CD4 + complement 47 53 
Anti-CD8 + anti-CD4 98 2 
Complement alone 82 18 

' Lymph node lymphocytes were depleted of CD4^ and/or CDS"^ T cell subsets by antibody 
and complement as described in the Materials and Methods section. After depletion cells 
were stained with acridine orange and propidium iodide (AO/PI), counted and assessed for 
viability as described in APPENDIX D. 
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Figure 22. EMT6 tumor growth following Winn adoptive tranter of lymphocytes fi'om 
immunized animals. Lymph node derived lymphocytes (obtained from EMT6-CL0NE 
B17-immunized animals that rejected a challenge with parental EMT6 cells) were depleted 
of CD4^ and/or CD8* T cell subsets by treatment with subset specific antibody plus 
complement. Depleted lymphocytes were then mixed with viable EMT6 tumor cells to 
give an effector to target ratio of 7:1. Five BALB/c mice were injected per treatment 
group. A control group received I x 10^ EMT6 cells alone. Tumor growth was monitored 
weekly fori 9 days. Tumor burden was expressed in terms of tumor volume and calculated 
using the formula (length x widthV2. 
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Study of the Mechanism Involved in Enhancement of EMT6 Fmmunogenicitv 
Following IFNv Gene Transfen Analysis of EMTS-BFNy-Transduced CLONE AlO 
and Transfer of class fT MHC Genes Into EMT6 Tumor Cells 

The importance of IFNy-induced class II MHC expression on enhancing the 

immunogenicity of the transduced cells was assessed using two approaches. In the first 

approach EMT6-CL0NE AlO, IFNy transduced, single positive only for class I MHC 

expression (refer to Figure 5), was analyzed for IFNy production, IFNy gene expression, 

growth kinetics in vitro and in vivo using the same experimental protocols that were used 

for EMT6-CL0NE B17. In the second approach, transduction of EMT6 tumor cells with 

class II MHC genes was attempted in order to obtain a non-IFNy producing, class II 

expressing clone that could be compared to the IFNy producing class II expressing 

EMT6-CL0NE B17 in vivo. Analysis of EMT6-CL0NE AlO revealed that although the 

IFNy gene was transcribed as determined by RT-PCR (Figure 23, lane 12), this clone did 

not secrete significant amounts of IFNy protein (< lunit IFNy/ml/IO® cells, refer to Table 

3). Furthermore, CLONE AIO grew at a slower rate then EMT6-CL0NE B17 in vitro 

(refer to growth kinetics studies of IFNy-transduced clones. Figure 13). The growth of 

EMT6-CL0NE AlO tumors was also inhibited in vivo in immunocompetent BALB/c 

mice (Figure 24 A) and immunoincompetent SCID mice (Figure 24B) to a greater extent 

than the growth of EMT6-CL0NE B17 tumors. This observation reflected the slower 

growth kinetics of EMT6- CLONE AlO in vitro. The different growth kinetics between 

EMT6-CL0NE AlO and EMT6-CL0NE B17 in vitro in addition to the inability of 

EMT6-CL0NE AlO to secrete significant amounts of IFNy (Table 9), suggested that a 
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comparison between these two clones in vivo exclusively based on differences in MHC 

class H expression could not be made. 

In order to study the effect of class II MHC expression by the EMT6 cell line in the 

absence of IFNy secretion (approach # 2), several attempts of trasfection were made to 

introduce the class II MHC genes into EMT6 cells. Triple transfection of EMT6 cells 

using plasmids pCEXV-3-I-Aa, pCEXV-3-I-Ap and pCEP4-hygromycin in association 

with the lipid carrier DIMRIE-DOPE induced a transient (I week) expression of class n 

MHC molecules in 4 out of 75 MHC transfected EMT6 clones screened (Figure 25). 

MHC transfected clones that expressed class II transiently (1 A, 2A, IC, 2C) were sub-

cloned in an attempt to recover class II expression. Yet, all of the 24 sub-clones screened 

failed to express MHC class n as determined by flow cytometry analysis (data not shown). 

Expression of class n MHC requires transcription of a class II transactivator (CHTA) 

(88) and transfection of CHTA is known to induce class II MHC antigen expression (Chu, 

R., Panelli, M. C., Akporiaye, E. T., unpublished observation). Therefore, transfection of 

the CHTA cDNA into EMT6 cells was performed to determine if class Q MHC could be 

induced. This was achieved using a double transfection protocol consisting of a plasmid 

carrying the CHTA gene and pCEP4-hygromycin in association with the lipid carrier 

DMRIE-DOPE. Seven out of 48 CIITA transfected clones grew in selective medium 

containing hygromycin and these were screened for class n expression by flow cytometry. 

All of the hygromycin-resistant CIITA transfected EMT6 clones failed to express MHC 

class II antigens as shown in Figure 26. This suggests that the CIITA gene did not 

integrate into the EMT6 cell genome or that the CHTA transgene was not transcribed. 



The last attempt to transfer the MHC class H gene into the EMT6 cell line was done by 

a double transfection protocol using plasmids pREP9-I-Afl (carrying the neomycin 

resistance gene) and pREP4-I-Aa, (carrying the hygromycin resistance gene) coupled with 

the lipid vector DMRIE-DOPE. Transfected cells failed to grow in selective medium 

containing G418 and hygromycin. This suggests either that only one of the two plasmids 

was introduced into EMT6 cells making the transfectants resistant to only one of the two 

antibiotics or that neither plasmid gained entry into the cells during transfection. 
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Figure 23. Expression of the IFNy transgem by EMT6-CL0NE AlO. rFNy-transduced 
EMT6 tumor cells (EMT6-CL0NE AlO) were analyzed for gene expression by RT-PCR. 
The PGR product of IFNy is 293 bp. Lane 1, I molecular weight marker Vni; lane 2, 
DNA obtained from EMT6-NE0; lane 3, EMT6-NE0 mRNA control (without Reverse 
Transcriptase) lane 4, cDNA obtained from EMT6-NE0; lane 5, empty; lane 6, DNA 
obtained from EMT6-CL0NE AlO; lane 7, mRNA-not treated with DNAse control 
obtained from EMT6-CL0NE AlO; lane 8, cDNA obtained from EMT6-CL0NE AlO; 
lane 9, empty; lane 10, DNA obtained from EMT6-CL0NE AlO; lane 11, mRNA-treated 
with DNAse control obtained from EMT6-CL0NE AlO; lane 12, cDNA obtained from 
EMT6-CL0NE AlO. 
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Figure 24. /w vivo growth of EMT6-CL0NE AlO. To determine the in vivo growth of 
EMT6 CLONE AlO, immunocompetent BALB/c mice (A) and immunoincompetent 
SCE)-BALB/c (B) (deficient in T or B lymphocytes) were injected in the right flank with 
10^ viable EMT6-CL0NE AlO (AlO) in 0.1 ml PBS. Animals similarly injected with 
EMT6-CL0NE B17 (B17) were included for comparison. Control animals were injected 
with EMT6-NE0 cells (NEO). Tumor growth was monitored for 21 days. 
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Table 8. Summary of the characteristic features of EMT6-CL0NE BI7 and EMT6-
CLONE AlO 

Clone MHC* IFNy DNA*" mRNA' IFNy protein'' in vitro growth® in vivo growth*^ 

B17 I + n yes yes yes similar to inhibited in 
EMT6-NE0 BALB/c mice 

AIO I yes yes lowtoND slower than inhibited in 
EMT6-NE0 or B17 BALB/c mice 

* MHC expression was analyzed by flow cytometry after staining cells with FITC-anti 
mouse I-A** and PE-anti mouse H-2D'' 

® The presence of the IFNy transgene and the IFNY transcript was determined by RT-
PCR 
'' IFNy secretion was determined by ELIS A in 48 hour cell culture supematants 
' Tumor cell growth kinetics was assessed after 24, 48, and 60 hours of culture 
^BALB/c mice were challenged with 1 x lO' EMT6-CL0NE B17 or EMT6-CL0NE AIO 
tumor cells and tumor growth was monitored for 21 days 
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Figure 25. Analysis of class II MHC expression in class II h/IHC-transfected EMT6 
clones. MHC class n transfected EMT6 clones lA, 2A, IC, 2C were analyzed for class II 
MHC expression by flow cytometry. Clones were stained with FITC-conjugated anti-class 
n MHC mAb (RTC-I-A'') (ordinata). 
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Figure 26. Analysis of class II MHC expression in CIITA-transfected EMT6 clones. 
Seven CIITA transfected EMT6 clones were analyzed for class II MHC expression by 
flow cytometry. Clones were stained with FITC-conjugated anti-class n MHC mAb 
(FITC-I-A''). CnTA transfected clone # I is shown as a representative clone (dashed line). 
Solid line represents the isotype control. 
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CHAPTER 4 

DISCUSSION 

Transfer of specific cytokinegenes into tumor cells is currently an area of intense 

research in cancer immunotherapy. Engineering tumor cells to express cytokine genes is of 

great scientific interest because it represents a better alternative to the systemic 

administration of cytokines as a modality in cancer therapy. Whereas systemic delivery of 

cytokines is often associated with toxicity, the use of cytokine gene-modified tumor cells 

offers the advantage of localized (at the tumor site only), and continuous secretion of the 

cytokine of interest. This greatly reduces toxicity and stimulates the desired anti-tumor 

immune response. The demonstration in animal models of the potential therapeutic use of 

gene-modified tumor cells as cancer vaccines has led to the testing of cytokine gene 

therapy in human clinical trials. Several clinical trials have been initiated involving 

immunizations of cancer patients with autologous tumor cells modified with specific 

cytokine genes (IL-2, IL-4, TNFot, IFNy, GM-CSF) (27, 41 81-83). The purpose is to 

elicit a potent anti-tumor immune response in the patient capable of rejecting the parental 

tumor and eliminating metastatic foci. 

In this study, IFNy gene transfer was used to enhance the immunogenicity of EMT6 

mammary carcinoma cells and to evaluate the potential of IFNy gene-modified tumor cells 

as a cancer vaccine. 
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Efficacy of IFNy Gene Transfer in Modulating Class I and Class n MHC Expression 
in EMT6 Tumor Cells 

The ability of IFNy transgene to modulate the expression of class I and class II MHC 

was investigated in the EMT6 murine mammary carcinoma cell line. This tumorigenic cell 

line was found to be poorly responsive to exogenous IFNy stimulation. Yet, it expresses 

IFNy receptor alpha and beta chains and is capable of binding IFNy molecules. Only after 

prolonged exposure of EMT6 cells to high doses of IFNy did the induction of class 11 

MHC molecule expression occurr. On the contrary, transfer of the IFNy gene into EMT6 

cells induced variable levels of expression of class II MHC antigens in several IFNy 

transduced EMT6 clones. Irradiation of transduced, parental or mock-transduced EMT6 

control cells did not affect the level of MHC antigen expression. This indicates that 

irradiated transduced cells were still immunogenic because of class II MHC expression and 

could still be effective as antigen presenting cells (APC) post irradiation. This information 

was extremely important in view of the necessity to use viable non-replicating gene 

modified tumor cells that are more immunogenic than the parental cells as a potential 

cancer vaccine. 

IFNy gene expression by modified cells and not by parental or mock transfected EMT6 

cells, correlated with secretion of IFNy. Secreted IFNy was shown to possess biological 

activity by increasing class I MHC expression and inducing class II MHC in the IFNy-

responsive B16-F10 melanoma cell line. Protein secretion was not hampered by high doses 

of irradiation, indicating that irradiation did not interfere with the release of IFNy by gene-
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modified tumor cells and its ability to augment the immune response. These results 

support the findings by Gastl et al., using human renal cell carcinoma. (91) 

Transcription of a Mouse Class Q Transactivator (CIITA) in IFNy Gene-
Transduced Tumor Cells 

Since the IFNy induction of class n MHC in humans has been shown to require 

expression of the class n transactivator (CIITA) (88, 90), the hypothesis that class n 

MHC expression in IFNy-transduced mouse cells (EMT6-CL0NE B17) correlated with 

expression of the CUT A gene was examined in this study. This constituted a novel 

objective since a mouse class II transactivator homolog to human CIITA has never been 

reported. 

EMT6-CL0NE B17, IFNy-stimulated EMT6, and EMT6-NE0 cells were found to 

express the CIITA gene whereas unstimulated EMT6 and EMT6-NE0 cells did not. 

Similar expression of CIITA was observed in all class n expressing clones analyzed. The 

amount of CIITA transcript was found to correlate with the percentage of class II MHC 

molecule expressed by each clone. The CIITA PCR product was found to be 79% 

identical to the human CIITA gene while the identity at the protein level was 81%. These 

findings demonstrate that IFNy-transduced EMT6 cells in which class II MHC antigens 

are induced also express a mouse gene that is similar to the human CIITA gene. 

The finding that CIITA is expressed in parental or mock-transfectants stimulated with 

exogenous [FT>Jy for 48 hours without concomitant detection of membrane class n MHC 

antigens is consistent with the hypothesis that CIITA is required for, and is transcribed 

prior to the expression of class II MHC (88, 90). The transcription of CIITA in these cells 
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suggests that the pathway of signal transduction involving JAK and STAT proteins (88, 

90, 92) upstream of CIITA is intact. However, the absence of detectable class n antigens 

in these cells after 48 hours of stimulation may be due to levels of CIITA being insufficient 

to induce class n gene expression (88). 

The induction of class Et MHC antigens following CIITA gene expression in transduced 

cells could be a consequence of continued intracellular synthesis of IFNy. The mechanism 

of action may be via binding of the secreted protein to its membrane receptors or via 

binding of cytoplasmic IFNy to components of an intracellular pathway that bypasses these 

receptors. Previous reports have demonstrated that human IFNy introduced intracellularly 

by microinjection or gene transfection was able to induce class EL MHC in murine 

macrophages and L cells, presumably by interacting with transcription factors (93, 94). 

Expression of the IFNy transgene may induce transcription of as yet unidentified class n 

MHC promoter DNA binding proteins. Since CIITA does not by itself bind to the MHC 

class n promoter DNA (95), it has been proposed that these DNA-binding proteins form 

an obligate complex with CIITA to activate class II genes (96, 97). The present studies 

indicate that the poor responsiveness of EMT6 cells to IFNy stimulation (demonstrated by 

its failure to express class n MHC after 48 hours) can be rectified by inserting the IFNy 

transgene. This induces class n MHC gene expression presumably via a CIITA-mediated 

pathway (88, 90). 
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In Vivo Immunogenicity of IFNy Gene-Modifled Tumor Cells 

EMT6-CL0NE B17 tumor cells were shown to express the EFNy transgene, surface 

class n MHC antigens, and to secrete biologically active EFNy. In addition, the in vitro 

groAvth kinetics of EMT6-CL0NE B17 and EMT6-NE0 were similar, implying that gene 

transfer did not interfere with the growth rate of EMT6 cells in vitro. In order to test the 

in vivo immunogenicity of IFNy-modified EMT6 cells, tumor growth of EMT6-CL0NE 

817 was assessed in BALB/c mice. EMT6-CL0NE B17 tumor growth was inhibited in 

vivo with an increased latency period, whereas EMT6-NE0 control cells grew unchecked, 

with rejection occurring in 2 animals. Significantly, animals that rejected EMT6-CL0NE 

B17 tumor ceils and were rechallenged with parental unmodified EMT6 cells 2 months 

after primary challenge, rejected the parental EMT6 tumor demonstrating the acquisition 

of long term protective immunity. The fact that EMT6-CL0NE B17 tumor cells grew in 

BALB/c mice at a slower rate compared to mock transduced or parental EMT6 cells was 

not a consequence of intrinsic differences in growth rates since they exhibited similar 

growth kinetics in vitro. However, the presence of tumors in those animals where EMT6-

CLONE B17 tumors were inhibited but not rejected, led to two interesting questions. 

First, was the growth of tumors due to loss of EWy transgene or second, was it due to 

reduced expression of MHC antigens? Whereas the IFNy transgene was found to be 

retained in EMT6-CL0NE B17 tumors, MHC class II expression was downregulated in a 

fashion that was not directly correlated with tumor size. 
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Significantly, similar results were demonstrated in the IFNy-transduced B16-F10 

melanoma tumor model. In this model, in vivo growth of IFNy-transduced B16-F10 

melanoma was inhibited in C57BL/6 mice as compared to control animals injected with 

parental tumor cells. While the growth of IFNy-transduced B16-F10 tumors was inhibited 

until day 17, indicating a prolonged latency period, parental tumors became palpable at 

day 4-7. However, when the IFNy-transduced tumors started growing, the growth rate of 

these tumors was similar to that of parental tumors. Further examination of modified B16-

FIO tumors revealed diminished expression of class IIMHC suggesting that class n 

downregulation may be involved in the process of in vivo growth. 

These results indicated that a decrease in class II MHC antigens expression was a 

common characteristic shared by the IFNy-transduced tumor cells growing in vivo. The 

downregulation of MHC class EI surface molecules could be due to a reduced production 

of IFNy by the growing tumor. This could interrupt the autocrine feedback loop that 

induces class II expression in the transduced tumor cells. 

Efficacy of IFNy Gene Tiierapy 

The ultimate goal in the generation of IFNy-transduced tumor cells in this study was to 

test its efficacy as a vaccine in the immunotherapy of cancer. In view of the fact that IFNy-

expressing cells were also capable of inducing long term immunity, EMT6-CL0NE B17 

cell vaccines were evaluated for the ability to prevent tumor establishment and to induce 

the regression of established EMT6 tumors. Immunization of mice with irradiated EMT6-

CLONE B17 conferred protection against subsequent challenge with parental EMT6 cells 
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in 67-70 % of immunized animals. In contrast, immunization with mock transduced cells 

did not confer protective immunity. Experiments employing immunizations with mixtures 

of EMT6-CL0NE B17 and EMT6-NEO cells demonstrated that 10% IFNy-transduced 

cells in the immunization mixture was adequate to induce protection to parental tumor 

challenge. This result was clinically relevant in view of the fact that bulk 

transfected/transduced tumor cells as opposed to selected clones with the desired 

immunogenicity and ability to secrete IFNy are more likely to be used in the clinic as 

cancer vaccines. This is because cloning cytokine gene-transduced cells is a laborious, time 

consuming process and time may be a limiting factor when the patient's life is at stake. In 

addition, low eflSciency of transduction of patient's tumor cells may limit the number of 

modified cells to a small fraction of the bulk transduced cells. The immunization mixtures 

described in this experiment constituted a novel approach in that it revealed for the first 

time that a fi-action of transduced cells (as low as 10%) in a vaccine is sufficient to induce 

protective tumor immunity. 

The ability of IFNy-transduced tumor cells to induce rejection of established parental 

tumors was investigated by vaccinating animals bearing 7 day-EMT6 tumors with 

irradiated EMT6-CL0NE B17 cells. Vaccination with EMT6-CL0NE B17 cells was not 

effective in eradicating established tumors. The lack of effect observed in this vaccination 

protocol could be due to the fact that animals were only vaccinated twice post challenge 

with parental cells. By the time the anti-tumor response was fiilly elicited by the primary 

vaccination the tumors had become too large. Multiple cycles of vaccinations performed at 
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an earlier stage of tumor growth would be expected to be more effective by preventing the 

rapidly growing tumor from overcoming the host's ability to inhibit or eliminate it. 

EfTector Cells Involved In the IFNy Gene-Transduced EMT6 Tumor Model 

The host immune cells involved in the anti-tumor response were analyzed in order to 

identify the cell types responsible for rejection of EMT6-CL0NE B17 tumor cells and 

acquisition of immunity to parental EMT6 cells. The studies conducted demonstrated a 

diminished growth rate of EMT6-CL0NE B17 in BALB/c mice as compared with SCID 

mice, suggesting an anti-tumor response mediated by T lymphocytes. The reduced growth 

rate of EMT6-CL0NE B17, as compared with parental or mock transduced EMT6 in 

immunocompetent BALB/c and SCID animals, suggests the participation of other 

effectors such as macrophages which are present in both groups of mice. These findings 

are similar to those reported by Lollini et al., (57) who demonstrated in the IFNy 

transfected TS/A murine mammary carcinoma tumor model, that the tumor takes and 

growth rates of IFKy transfected TS/A clones were comparable in syngeneic BALB/c and 

SCID mice. These were also inhibited compared to the tumor takes and growth rates of 

TS/A-NEO tumors. Furthermore, the reduced growth rate ofEMT6-CLONE BI7 tumors 

in immunocompetent and immunoincompetent animals as compared with EMT6-NE0 

suggests that activation of macrophages may result from the stimulatory effects of tumors 

secreting IFNy. Since EMT6 cells are resistant to NK cell mediated killing, these cells are 

not likely to be involved in inhibiting the growth of IFNy-transduced EMT6 tumors. 
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The rejection of viable parental EMT6 cells by mice rendered immune by vaccination 

with irradiated EMT6-CL0NE B17 or challenge with viable EMT6-CL0NE BIT tumor 

cells suggested the acquisition of a memory T cell response. Experiments were therefore 

conducted to identify the T cell subsets that might be involved in the antitumor response. 

This was accomplished using a Winn type assay in which selected T cell subsets were 

depleted using specific antibodies and complement prior to adoptive transfer. 

These depletion experiments implicated CD4* T cells as the primary immune effectors 

in the anti-tumor response since EMT6 tumors in cell mixtures depleted of these cells 

grew at the same rate as parental tumors (controls) whereas tumors in cell mixtures 

depleted of CDS"^ T cells, grew at a reduced rate. Interestingly, tumor cells in cell mixtures 

incubated with antibodies alone (anti-CD4 and anti-CD8 ) or complement alone formed 

larger tumors than those that developed from cell mixtures depleted of CDS"^ T cells. 

These results suggested the presence of a CDS"^ T cell subset in the population of 

adoptively transferred lymphocytes capable of downregulating 004"^ T cell function. 

Overall these data suggested that lymphocytes obtained from animals immunized with 

IFNy-transduced EMT6 cells and employed in the Winn adoptive transfer assay contained 

a population of €04"^ T cells that was able to inhibit the growth of parental unmodified 

tumors. A possible explanation for this observation is that the frequency of reactive 

cytotoxic T cells in this CD4* lymphocyte subset may have been sufficient only to suppress 

the growth of EMT6 tumor but not to reject it. Several cycles of lymphocyte stimulation 

in vitro with irradiated IFNy-transduced cells, prior to adoptive transfer, may be required 
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to significantly expand a pool of CD4^ memory T cells capable of eliminating the EMT6 

tumor in the Winn assay. 

The role of CD4* T cells as the primary immune effectors and as the memory cell 

population involved in the acquisition of long term immunity in this study, is supported by 

the findings of Frey (55). He demonstrated that rat manmiary adenocarcinoma expressing 

the IFNy transgene elicited antitumor CD4^ MHC class Il-restricted T cells that were 

cytolytic in vitro and tumoricidal in vivo. On the contrary, other studies (16, 52-54) 

implicated CDS"^ T cells in the priming phase of the anti-tumor response as well as in 

protecting against subsequent challenge with parental cells. 

The 004"^ T lymphocytes involved in the anti-tumor response in our model may 

mediate their function in two ways. Firstly, CD4^ T cells engaging tumor associated 

antigens (TAA) presented by class n MHC-expressing, IFNy-transduced tumor cells may 

provide helper function to CD8* pre-cytotoxic T cells via paracrine IL-2 secretion (46). 

Secondly, these CD4^ T cells may be directly cytotoxic towards tumor cells (98). 

However, while the cytotoxic activity of this CD4^ T cells subset against EFNy-transduced 

tumors may be associated with class II MHC restriction in the priming phase of the 

immune response, this type of MHC antigen restriction does not explain the suggested 

cytotoxic role of the memory CD4^ T cells capable of inhibiting the growth of class II 

MHC negative wild type EMT6 tumor (Winn adoptive transfer assay). A mechanism 

whereby CD4'^ T cells may be cytolytic in a non-MHC restricted fashion is via the action 

of FasL (99-101). In this scenario. Fas expressed on the surface of neoplastic cells binds to 
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FasL on the surface of activated cytotoxic €04"^ T lymphocytes resulting in apoptosis of 

the target cell (99). This proposed mechanism of 004"^ mediated cytotoxicity has been 

reported by others (99-101). 

The suggested predominant role of cytotoxic CD4^ T cells in direct cytotoxicity of 

tumor cells seems to contradict earlier findings fi-om our laboratory which demonstrated 

that CD8^ and CD4* T cells were involved in anti-tumor responses to EMT6 cells (102-

104). This apparent discrepancy may be explained by the use of class IIMHC positive 

EFNy-modified cells in the immunization protocol which directly activated CIM"^ T cells. It 

is still possible that a population of pre-CD8^ T cells is induced in the priming phase of the 

immune response and become activated CTLs following stimulation by IL-2 released by 

CD4^ T helper cells. These CDS"^ T cells may also possibly contribute (to a lesser extent 

than €04"^ T cells) to the inhibition of EMT6-CL0NE B17 tumor growth since 

lymphocytes infiltrating EMT6 tumors and tumor rejection sites have been shown to 

consist of the CDS"^ and 004"^ subsets (102-104). When analyzing the memory type 

response to parental EMT6, the population of CDS"^ CTLs that was primed following 

inmiunization with modified cells may have been too small and ineffective to play a role in 

cytotoxicity in adoptive transfer experiments. Several cycles of stimulation in vitro with 

IFNy-transduced cells may be necessary to detect the role of these cells in the anti-tumor 

response. 
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Mechanism of Increased Immunogenicity of IFNy Gene-Modified EMT6 Tumor 

Cells 

This study demonstrates the ability of IFNy gene expression to enhance the 

immunogenicity of EMT6 cells. What it does not conclusively show is whether class II 

MHC expression is solely responsible for the antitumor effects observed. The induction of 

class H MHC and the attendant immunogenicity of transduced cells offer the intriguing 

possibility that EMT6-CL0NE B17 cells may be acting as antigen presenting cells (APC). 

In this role EMT6-CL0NE B17 cells would present tumor associated antigens (TAA) on 

class H MHC to CD4^ T helper cells bypassing the need for professional APC as has been 

proposed by others (14, 105, 106). 

Definitive evidence for the role of class II MHC can only be obtained by transfecting 

tumor cells with class n MHC gene to investigate if class II MHC antigen expression 

alone, in the absence of IFNy gene expression, is sufiBcient to increase inmiunogenicity of 

EMT6 tumor cells. In order to explore this possibility, transfection of EMT6 tumor cells 

with class II MHC genes was attempted in order to obtain a non-IFNy producing, class II 

MHC-expressing clone. Several attempts were performed to introduce class n MHC 

genes into EMT6 cells. One of these involved triple transfection of EMT6 cells using 

plasmids pCEXV-3- I-Aa, pCEXV-3-I-A{i(86) and pCEP4-hygromycin in association with 

the lipid carrier DMREE-DOPE to introduce class III-A** MHC genes into EMT6 cells. 

This transfection protocol resulted only in transient induction of class II MHC expression 

in transfected EMT6 cells. These results could be explained by the fact the plasmids used 
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(pCEXV-3- I-Aa, pCEXV-3-I-Ap) are non-replicating and may have been diluted out 

during cell division. In contrast the self replicating vector (pCEP4) containing the 

hygromycin resistance gene was retained. This might explain the growth of hygromycin 

resistant EMT6 clones that expressed class IIMHC only transiently but retained the 

characteristic antibiotic resistance. The use of electroporation as an alternative technique 

also failed to generate class n positive clones (data not shown). 

Additional alternative approaches to express class II MHC via induction of CIITA were 

also unsuccessful. Following double transfection of EMT6 cells with plasmids containing 

the CUT A gene and the hygromycin resistance gene, all of the hygromycin-resistant 

CnTA transfected EMT6 clones failed to express MHC class II antigens. This suggested 

that the CIITA gene did not integrate into the EMT6 cell genome or that the CIITA 

transgene was not transcribed. 

The last attempt to the transfer the MHC class II gene into the EMT6 cell line was 

accomplished by a double transfection protocol consisting of plasmids pR£P9-I-Ap and 

pR£P4-I-Aa, plus the lipid DMRIE-DOPE. These two vectors were constructed by 

cloning the class n MHC alpha and beta chains into the episomal vectors pREP9 and 

pREP4 containing neomycin and hygromycin resistance genes, respectively. The 

advantages of using these two vectors were that they could replicate independently and 

that each vector carried a different antibiotic resistance gene. This feature allowed direct 

selection of double transfected EMT6 cells in medium containing the two antibiotics of 

interest (G418 and hygromycin). This last attempt to obtain class n expressing EMT6 
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cells was not successful. Transfected cells failed to grow in selective medium containing 

both G418 and hygromycin suggesting either that only one of the two plasmids was 

introduced into EMT6 cells making the transfectants resistant to only one of the two 

antibiotics or that neither plasmid gained entry into the cells during transfection. Although 

this transfection protocol did not result in transfer of the class IIMHC genes into EMT6 

cells, the recently constructed vectors pREP4-I-A<ip and pREP9-I-Au, represent a unique 

and valuable tool for the transfer of class n I-A"* genes into any cell type. Several more 

rounds of transfection using these two constructs in association with a lipid carrier such as 

DMRIE-DOPE or the use of alternative transfection techniques such as electroporation or 

calcium phosphate may yield successful transfection of the class II MHC genes and their 

expression. Overall, although several different strategies were employed to investigate the 

mechanism of increased immunogenicity in IFNy-transduced EMT6 cells, none of them 

gave conclusive results. Strategies that promote the simultaneous expression of alpha and 

beta class II MHC genes in one vector should facilitate the determination of whether cell 

surface class II MHC expression is responsible for the increased immunogenicity of IFNy-

transduced EMT6-CL0NE B17 tumor cells. 

Summary and Conclusion 

The objective of this study was to increase the immunogenicity of a tumorigenic cell 

line (EMT6 murine mammary carcinoma) that is poorly responsive to exogenous IFNy 

stimulation by transfer of the IFNy gene. The results indicate that expression of the 

transgene induces class II MHC antigens and considerably increases tumor 
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inununogenicity. Similar results were obtained when a melanoma murine cell line (B16-

FIO) was transduced with the IFNy gene. 

Significantly, this study provides direct evidence that inununization with IFNy-

transduced EMT6 cells results in the development of immunity capable of rejecting wild 

type tumorigenic cells. The ability to induce anti-tumor responses with irradiated gene-

transduced cells is necessary for this approach of immunopotentiation to be used in the 

clinic for the treatment of cancer. Vaccinating patients with viable replicating tumor cells 

is not a feasible option. In experiments in which various percentages of parental EMT6 

cells were mixed with DFNy-secreting cells, a vaccine preparation consisting of only 10% 

irradiated gene-modified cells was able to confer partial or complete protection against a 

rechallenge with parental cells. As it can be technically difiScult and time consuming to 

obtain 100% gene-modified tumor cells, these experiments indicate that significant clinical 

benefit may be achieved using a small fi^action of transduced cells. 

Analysis of the effector cells responsible for the anti-tumor response to IFNy-modified 

tumors in SCID mice studies suggested that macrophages, in addition to T cells, were 

involved in inhibiting the growth of these tumors. 

The acquisition of immunity to parental EMT6 following immunization with IFNy-

modified tumor cells indicated a memory T cell immune response which was shown to be 

mediated primarily by the CD4* T cell subset. Moreover, we proposed a dual role of 004"^ 

T cells in the anti-tumor immune response against IFNy-transduced cells: €04"^ T cells 

engaging tumor associated antigens (TAA) presented by class H MHC expressing, IFNy-
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transduced tumor cells may provide helper function via TL-2 secretion or th^ may be 

directly cytotoxic towards tumor cells. 

With regard to the mechanism of increased immunogenicity by IFNy-transduced cells, 

the failure of either the class I /class n *MHC parental (EMT6) or mock transfectants 

(EMT6-NE0) cells to induce tumor immunity suggests that IFNy-induced class n 

expression plays a significant role in the anti-tumor response. IFNy-producing, class II 

positive tumor cells, acting as antigen presenting cells (APC) and presenting TAA on class 

n MHC, may explain the increased immunogenicity of IFNy-transduced tumor cells. 

Definitive evidence for the exclusive role of class II MHC will only be obtained by using 

stably transfected class n MHC-expressing EMT6 tumor cells. 

The transcription of a mouse class II transactivator (CIITA) gene in IFNy gene-

transduced tumor cells and not in unstimulated parental or mock-transduced cells suggests 

a primary role for IFNy in class II MHC expression that involves CIITA. These studies 

indicate that the poor responsiveness of EMT6 cells to exogenous IFNy stimulation can be 

rectified by inserting the IFNy transgene which induces class n MHC gene expression 

presumably via a CIITA-mediated pathway. 

Of particular clinical relevance was the finding in our study that a small percentage of 

IFNy-transduced cells was able to confer immunity to challenge with parental cells. This 

demonstrates that IFNy transduction of tumor cells represents a valuable tool for the 

generation of immunogenic tumor cells for use as a vaccine in cancer therapy. The success 

of IFNy gene transfer in enhancing tumor resistance in animal models has led to the 
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initiation of phase I and II clinical trials involving IFNy gene-modified autologous tumor 

cell vaccines in the treatment of neuroblastoma (83) and malignant melanoma (82). 
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APPENDIX A 

ABBREVIATIONS 

IFNy : interferon-gamma (y) 

IFNy-r; interferon-gamma (y)-receptor 

MHC: major histocompatibility complex 

CnTA: class n (MHC) transactivator 

FITC; fluorescein-isothiocyanate 

R-PE: R-phycoerythrin 

s.c. : subcutaneous 

TCR: T cell receptor 

APC: antigen presenting cell 

IL-(x) interleukin-l,2...etc. 
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VECTORS AND PLASMIDS USED 

1) Mouse IFNy replication defective retroviral vector (Viagene Inc. San Diego, CA): 

Titer: 2.75 xlO^ CFU/ml 

Figure 27 Diagrammatic structure of murine IFNy retroviral projector DNA showing key 
restriction sites 

1. Genomic DNA surrounds site of integration of provector 
2. Moloney Leukemia Virus (MuMoLV) long terminal repeat (LTR) 5' promoter region 

responsible for expression of IFNy 
3. Packaging sequence n 
4. IFNy gene 
5. Simian Virus (SV40) early promoter and origin 
6. Neomycin-resistance (NeoO gene under the control of the Simian Virus (SV40) early 

promoter. It allows for selection of transfectants in G4I8-containing tissue culture 
medium. 

7. MoMLV 3' LTR- transcriptional termination sequence 

2) MHC class II plasmid containing I-Aa or I-Ap genes (pCEXV-3- I-Aa, pCEXV-3-I-Ap) 
(kindly provided by Dr. S. Ostrand-Rosenberg, University of Maryland, Baltimore, MD, 
86) 

^ I-Aa or I-Ap 
cloning site 
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3) Antibiotic selection plasmid; pCEP-4 (Invitrogen Corp. San Diego, CA). This plasmid 
carries the hygromycin resistance gene 

.liiiilill, 

pCEP4 

4) CnTA plasmid (kindly provided by Dr Cheong-Hee Chang, Yale School of Medicine, 
New Haven, CT).This construct is a modification of the pcDNAI/Amp vector (Invitrogen 
Corp. San Diego, CA) and contains the CIITA gene (~4.5Kb) as an Xhol insert. 

CmA 

SV40ori XHOI 

polyoma ORI 
SV40 polyA 
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5a) pREP4-I-Ao, carrying the hygromycin resistance gene (Chu, R_, Paneili M.C., Tsang, 
T., Akporiaye, E.T., unpublished construct, refer to cloning protocol below) 

5b) pREP9-I-Ap carrying the neomycin resistance gene (Chu, R., Paneili M.C., Tsang, T., 
Akporiaye, E.T., unpublished construct, refer to cloning protocol below) 

Schematic protocol for cloning the I-A^ gene into pREP4 and the I-Ap gene into pREP9 
cloning vectors 
1. Digest pCEXV-3-I-Aa and pCEXV-3-I-Ap with EcoRI restriction enzyme to obtainI-

Aaand I-Ap EcoRI inserts. 
2. Isolate the EcoRI inserts 

i-Aa/NotI insert 

I-Ap /HINDin insert 
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3. Clone I-A<»EcoRI insert into Kpn-KISS-Lambda vector (107) and I-Ap EcoRI insert 
into Sac-KISS-Lambda vector (107) 

4. Digest Kpn-KISS-Lambda vertor containing the I-A^ insert with NotI restriction 
enzyme and isolate the I-Aa NotI insert 

5. Digest Sac-KISS-Lambda vector containing the I-Ap insert with Hindm restriction 
enzyme and isolate the I-Ap Hindlll insert 

6. Clone the I-Aa NotI insert into the multiple cloning site of pREP4 cloning vector 
(Invitrogen) 

7. Clone the I-Ap Hindin insert into the multiple cloning site of pREP9 cloning vector 
(Invitrogen) 

8. Determine the orientation of I-Ao NotI insert into pREP4 by digesting pREP4 with 
MSG restriction enzyme (the I-Aa NotI insert is in the proper orientation when a 2.3 
Kb product is obtained following enzyme digestion) 

9. Determine the orientation of I-Ap Hindin insert into pREP9 by digesting pREP9 with 
XHO restriction enzyme (the I-Ap Hindin insert is in the proper orientation when a 
100 bp product is obtained following enzyme digestion) 



APPENDIX C 

BUFFERS, MEDIA AND OTHER SOLUTIONS 

Alpha-Minimal Essential Medium (a-MENf> 
10.08 g MEM (Gibco BRL, Gaithersburg, MD) 
2.2 g NaHCOs (Fisher Scientific, Pittsburgh, PA) 
10 ml penicillin G (5000u/ml) / streptomycin sulfate(5000mg/ml) (Gibco BRL) 
2.5 ml Fungizone (Gibco BRL) 
qs to I liter with double distilled H2O 
pH: 6.8-7 
filter sterilized 

Alpha-Iscove's Modified Dulbecco's Medium fa-IMDM) 
17.67 g IMDM with 4.0 mM L-glutamine, 25mM hepes buflfer (JRH, San Diego, CA) 
3.0 gNaHCOs (Fisher Scientific, Pittsburgh, PA) 
10 ml penicillin G (5000u/ml) / streptomycin sulfate(5000mg/ml) (Gibco BRL) 
2.5 ml Fungizone (Gibco BRL) 
qs tol liter with double distilled H2O 
pH; 6.8-7 
filter sterilized 

Complete RPMI fcRPMP 
10.4 g RPMI (Gibco BRL) 
2.0 g NaHCOs (Fisher Scientific) 
10 ml penicillin G (5000u/ml) / streptomycin sulfate(5000mg/nil) (Gibco BRL) 
2.5 ml Fungizone (Gibco BRL) 
10% heat inactivated fetal bovine serum (FBS) (Intergen, Purchase, NY) 
qs tol liter with double distilled H2O 
pH: 6.8-7 
filter sterilized 

Cytotoxic medium fcvt-medium") 
500 ml RPMI 1640 supplemented with 4.0 mM L-glutamine (JRH, San Diego, CA) 
25 mM hepes buflfer (Fisher Scientific, Pittsburgh, PA) 
0.3% bovine serum albumine (BSA) 
5 ml penicillin G (5000u/ml) / streptomycin sulfate(5000mg/ml) (Gibco BRL) 
pH: 6.8-7 

Freeze medium 
40 % fetal bovine serum (FBS) (Intergen, Purchase, NY) 
50 % g-IMDM (see above) 



10 % Dimethyl Sulfoxide DMSO (Fisher Scientific, Pittsburgh, PA) 

OPTI- Minimal Essential Medium (MEM) 
500 ml OPTI-MEM (Gibco Life Technologies, grand Island, NY) 
This medium is a modification of MEM supplemented with L-glutamine, 25 mM hepes 
buffer, 2.4g/ml NaHCOs 

Trvpsin-EDTA 
0.416 g Tetrasodium dihydrate (EDTA) (Fisher Scientific, Pittsburgh, PA) 
8.0 g NaCl (Fisher Scientific) 
0.4 g KCl (Fisher Scientific) 
1.0 g glucose(Fisher Scientific) 
0.35 g NaHCOs (Fisher Scientific) 
2.5 g trypsin 1: 250 (Difco Laboratories, Detroit, MI) 
0.5 ml phenol red (5mg/ml stock solution) (Fisher Scientific) 
qs tol liter with double distilled H2O 
pH: 7.2-7.4 
filter sterilized 

IPX Saline GM 
11 g glucose (Fisher Scientific, Pittsburgh, PA) 
80 g NaCl (Fisher Scientific) 
4 g KCl (Fisher Scientific) 
3.9 g Na2 KPO4 (Fisher Scientific) 
1.5 g KH2PO4 (Fisher Scientific) 
10 ml phenol red stock (5mg/ml)(Fisher Scientific) 
qs tol liter with double distilled H2O 

Solution VI 
15.4g MgSOi (Fisher Scientific, Pittsburgh, PA) 
1.6 g CaCl2 (Fisher Scientific) 
qs to 500 ml with double distilled H2O 

Saline G 
100 ml saline GM 
10 ml solution VI 
qs to 1 liter with double distilled H2O 
pH 7.4 

Phosphate Buffered Saline fPBS) 
8g NaCl (Fisher Scientific, Pittsburgh, PA) 
0.2g KCl (Fisher Scientific) 
0.2g BCH2PO4 (Fisher Scientific) 



1.15 Na2KP04 (Fisher scientific) 
qs to I liter with double distilled H2O 
filter sterilized 

PBS AzideBSAfPAB^ 
500 ml PBS 
2.5g bovine serum albumin Section V (Sigma Chemical Co., St. Louis, MO) 
5.0 ml 10% sodium azide-sigma ultra (Sigma Chemical Co.,) in 0.85% NaCl 
filter sterilized 

Ketaset/Rompun® Anesthetic lOX stock mixture 
6.5 ml Ketaset (lOOmg/ml stock,Fort Dodge Laboratories Inc., Fort Dodge 10) 
3.0 ml Rompun® (200mg/ml stock, NCles Inc., Shawnee Mission, KS) 
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VIABILITY STAINING PROTOCOL 
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Determination of cell viability was performed by staining cells with Acridine Orange and 

Propidium Iodide (Sigma Immunochemicals, St. Louis, MO) according to the following 

protocol: 

10 nl Propidium Iodide solution (0.2 mg/ml in PBS) were mixed with 100 nl Acridine 

Orange solution (10 ng/ml in PBS). 10-100 ^1 of the cell suspension were then added to 

the mixture. A 10 ^1 aliquot of the cell-dyes mixture was loaded onto an hemocytometer 

(American Optical Scientific Instruments, Buffalo, NY) for counting under a fluorescent 

microscope (Carl Zeiss Inc.,San Leandro, CA). 

Propidium Iodide stains dead cells by associating with DNA when cell membrane integrity 

has been disrupted. Propidium iodide stained cells appear red-orange. Acridine orange is a 

cytoplasmic dye that crosses the cell membrane and stains viable cells green. 

Cell concentration was calculated according to the formula; 

cells/ml = # of cells counted xlO* x dilution factor 
# of squares counted 

% Cell viability was calculated according to the formula; 

% Cell viability = # of total viable cells 
# of total viable + dead cells 
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Total RNA isolation using TRIzol™ fGibco BRL. Gaithersburg. MP) 
1. Obtain a single cell suspension of cells, count and pellet 
2. Add TRIzoI reagent, 1ml / 5-10x10® cells and incubate at room temperature for 5 

minutes. Tissue samples are homogenized directly in TRIzol byadding 50-100 mg of 
tissue to 1 ml of TRIzoI reagent using a glass Teflon or power homogenizer. 

3. Add 0.2 ml chloroform/ ml of Trizol reagent. Cap tubes and shake vigorously by hand 
for 15 seconds. Incubate the tubes at room temperature for 2-3 minutes 

4. Centrifuge at 12,000 x g for 15 minutes at room temperature and transfer the aqueous 
upper layer (containing the RNA) to a clean microfuge tube 

5. Add 0.5 ml isopropanol/ ml TRIzol reagent to precipitate the RNAIncubate the 
sample for 10 minutes on ice. 

6. Centrifuge the sample at 12,000 x g for 10 minutes at 4 °C 
7. Remove the supernatant and discard it. Wash the pellet with 1 ml 75% ethanol / ml of 

TRIzol. Vortex and centrifiige at 12,000 x g for 5 minutes at 4 °C 
8. Wash the sample with 100 % ethanol, vortex and centrifuge for 1 minute 
9. Remove the supernatant and dry the RNA 
10. Resuspend the sample in RNAse free H2O 
11. Measure RNA by O.D. 260/280 by diluting 1:50 in RNAse free H2O (see APPENDIX 

G) 
12. proceed with cDNA (see APPENDIX F) and PCR 

DNA isolation using TRIzol™ (Gibco BRL. Gaithersburg. MD) 

Once the aqueous phase has been removed to isolate total RNA as described above, the 
DNA is precipitated from the interphase and organic phase with ethanol according to the 
following: 

1. Add 0.3 ml 100% ethanol / ml of TRIzol reagent used for the initial homogenization 
and mix the sample by inversion 

2. Incubate sample at room temperature for 2-3 minutes 
3. Centrifuge sample at no more than 2,000 x g for 5 minutes at 4 °C 
4. Remove the phenol-ethanol supernatant 
5. Wash the DNA pellet twice in a solution containing 0.1 M sodium citrate in 10% 

ethanol. Use 1 ml of the solution/ ml of TRIzol. At each wash, store the DNA pellet in 
the washing solution for 30 minutes at room temperature. Mix periodically. 

6. Centrifuge sample at 2,000 x g for 5 minutes at 4 °C 
7. Suspend DNA pellet in 1.5 ml of 75% ethanol and incubate for 10-20 minutes at 

room temperature 
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8. Centrifuge sample at 2,000 x g for 5 minutes at 4 °C 
9. Dry the pellet for 5-10 minutes under vacuum and dissolve in 0.3-0.6 ml of 8 mM 

NaOH 
10. Remove the insoluble material by centrifugation at 12,000 x g for 10 minutes 
11. Transfer the supernatant containing the DNA to a new tube 
12. Measure DNA by O.D. 260/280 by diluting 1:50 in RNAse free H2O (see APPENDIX 

G) 



APPENDIX F 

cDNA SYNTHESIS 

cDNA synthesis was performed using the cDNA Cycle™ Kit for RT-PCR (Invitrogen, 
San Diego, CA) according to the following procedure; 

1. Add 5 ng of total RNA to an RNAse-free 1.5 ml microfiige tube on ice 
2. Add sterile-diethyl polycarbonate (DEPC) (Sigma, St. Louis, MO) treated H2O water 

to bring the volume up to 11.5 jil 
3. Add 1 nl of Oligo dT Primer 
4. Heat the tube in a 65 °C water bath for ten minutes then incubate at room temperature 

for 2 minutes 
5. Spin briefly in a microfiige to collect the reaction mixture 
6. Add 1 nl RNAse Inhibitor, 4|il 5X RT Buffer, l|il 100 nM dNTPs, l|il 80mM Sodium 

Pyrophosphate, 0.5 ^1 Reverse Transcriptase 
7. Spin briefly in a microfiige to collect the reaction mixture 
8. Incubate the tube at 42 °C for I hour 
9. Incubate at 95 °C for 2 minutes to denature the RNA-cDNA hybrids. 
10. Place the tube on ice for 2 minutes and add 0.5 ^il of Reverse Transcriptase 
11. Incubate the tube at 42 °C for 1 hour 
12. Incubate at 95 °C for 2 minutes to denature the RNA-cDNA hybrids. 
13. Place the tube on ice for 2 minutes and spin the tube to recover cDNA 
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APPENDIX G 

NUCLEIC ACID QUANTITATION 

Quantitation of DNA and RNA was performed according to the following: 

1. Dilute DNA or RNA 1/50 in H2O 
2. Measure absorbance of DNA or RNA sample (A260) using a spectrophotometer (DU 

Series 64, Beckman Instruments Inc., FuUerton, CA). Use H2O to as a blank to zero 
the machine 

3. Calculate the amount of nucleic acid using to the following formula: 

for DNA: I A260 unit = 50 }xg of double stranded DNA/ml 
for RNA: 1 A260 unit = 40 |ig of single stranded RNA/ml 

Concentration of DNA in original sample (ng/ml) = (Azeo) x (50 pig/ml) x (dilution factor) 
Concentration of RNA in original sample (ng/ml) = (A260) x (40 |ig/ml) x (dilution factor) 



APPENDIX H 

IFNy AND CUT A PRIMERS FOR PGR AND RT-PCR 

The following IFNy gene primers were designed using the Oligo Program (National 
Biosciences Plymouth, MM) by Dr. Samuel Schluter, Department of Microbiology and 
Immunology, University of Arizona, Tucson, AZ 85724 

IFNY gene (the RT-PCR product of IFNY is 293 bp't 

sense 5' GACTCCTTTTCCGCTTCCTG 3' 

anti-sense 5* CTGGCAAAAGGATGGTGACA 3' 

IFNY transeene (the PGR product of IFNY transgene is -900 bo) 

sense 5' CTGGCAAAAGGATGGTGACA 3' 
(spans the IFNy gene) 

antisense 5' GGCGGAGAATGGGCGGAACT 3' 
(spans the S V40 promoter in the IFNy retroviral vector used, see APPENDIX B) 

The following primers were made according to Chang et al.,(88) 

Human CIITA (The RT-PCR product of CIITA is 471 bp'̂  

sense 5' CAAGTCCCTGAAGGATGTGGA 3' 

antisense 5' ACGTCCATCACCCGGAGGAC 3' 



APPENDIX I 

SEQUENCE ALIGNMENT AND PROTEIN HOMOLOGY 
OF MOUSE CnTA GENE 

Sequence alignment and protein homology of mouse CIITA gene were performed by Dr. 
Ena Wang, Department of Microbiology and Immunology, University of Arizona, Tucson, 
AZ 85724. 
For sequencing a 470 base pair product was ligated to the pGEM-T vector (Promega, 
Madison, WI). Sequencing of the ligated product was performed on both DNA strands 
using Sequenase (U.S. Biochemical) as described by the manufacturer. The identification 
of mouse CIITA mRNA was based on the alignment of the nucleic acid and amino acid 
sequences with the human MHC class II transactivator (CETTA) sequence from GenBank 
(Figure 28, see next page) 
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1 AGKccTOGMCxnCTcorocAGAcccMMQeTqauauuccccTcauauuaiTqauaoaui so 

61 GQMcrTCCTtxaaaectxxatccriiuuaAAaciMauym'occfX'i'auijccceMeiTOco uo 
Hi I I  inn i  Jini i i i  inn n ninnn nnni  in 

2962 oGiMacTcccT(XJio'rrcGGGitf:cTMuiMuutfaao»awTOcqcTgagcccToicicAgQ 3021 

121 cccGC»aGc'n'rc^xaiCACTGqauuuaaceTTcau3CCTTCfeCTCTCigir»>c>CCT I80 
in nnnnnni  inn nnn 1 inn n n nin n 

3022 cccccaigocvgraxxauutfaGcmscoG^TCCTCiicGuarm'ra.'ieccTOCKOCKTct 3081 

181 GGKCCTaGkCTCKCTTJbQTQAaMauakxcaaiuakCAAaaoiaTOTcaAAacTCTCkac 240 
i i i i i in i  I  n i i i i i in inni in 111 nnni  in nnnni i  

3082 gGlkCCtqaAT(X»rrG*OrQilG»AC»AOMCGOQQACGIU30grOtCTCQCatfaCTCTC»OC 3141 

3142 CACCTTCCCCaKXrrfflUUJlWin\3G>UUlCCXgC>*TCTOTeCCAaaU>gi>a>C*TCAeTQ* 3201 

301 TgrGGGTGCCTGaUtaCTTOC3tG»A«aXT<XaaUXXga>OCC>*OTCCCTCCT3iAOOCT 360 
ni inni  I I I  n n I I  nnini  inn inn n inn 

3202 CCT<»iTGCCT«aUUCTCGCCaUXaXCTGCan'l'CGCTCGCTGCAICCCTQCTC*GGCT 3261 
• • • • • • 

361 GMSCTTGTACAASAACTGCXTCTGTGKCMUUSOAGCaUlQXQCCTaaCACAAGTMZITCC 420 
i i i i i i i i i i i i i i i i i i i i i i i  I I I  nnn inn nn i  n inn 

3262 AAOCTTGTAaiAXAACTaCATCrGCGkCGTQaaKQCCGAaXGCnGaCTCGTQTacnCC 3321 

421 GQACXTGGT 429 MoUSe 
inni i i i  

3322 GGACATGGT 3330 Human 

A 

1 DIJ)RLVQTQRUaiPSBIUUUa>t.PAIBZ)LKlCLEFAi:iGPXIiRSQAFPTlAiaLPAFS8I<QBL 60 
in. -nni i  i . .n i . i  . - i i i . - inninini :  n in. i .n i .nnnn 

930 D]:iGKI.VQTQRTSSSSEDI»aELPAVIIOLKXLEFAI.aFVSaPQkmaiVItZt.TXFSSI«BL 989 

61 DU8LSBIlggl3KUV8IU.3ACTPQLKXLgTML80NMITUVOM3CIJmLP»LMCSLLlgi 120 
i i i . in i i in. i i i . i i i i i in i . i i i i i i i i i i int i iHi in i i . i i  nni  

990 DmM.8gamoUlil3VSQLSATFPQIJCSL8TIJC.SQHMITDLaMngAKALP8LA*8miL 1049 

121 SL»«ClCDKSkKSLAaVLFI« 142 MoUSe 
i i i i i i n i  1 1 . I I I . i n n  

1050 SLYiDicxcovaABSUUivLPiai 1071 Human 

B 

Figure 28. Sequence alignment and protein homology of mouse CIITA gene. 
(A) Alignment of mouse CIITA (top strand) and human CIITA (bottom strand, 2902-
3330 bp) nucleotide sequence. Dashes indicate identity. (B) Polypeptide sequence 
similarity between mouse and human CIITA. Identical amino acids are indicated by dashes 
and similar ammo acids are indicated by dots. The human CIITA primers are not 
represented in the figure (see APPPENDDC H for human CIITA primer sequences). 
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APPENDIX J 

IRRADIATION OF TUMOR CELLS PROTOCOL 

Tumor cells were prepared for irradiation as follows; 
1. Obtain a tumor cell suspension in a SO ml conical tube (Becton Dickinson, Mountain 

View, CA) 
2. Centrifiige the cell suspension for 5 minutes at 900 rpm 
3. Discard the supernatant and slowly overlay the cell pellet with 0.5 cm of a-IMDM 

supplemented with 10% FBS (JRH Biochemicals) 
4. Irradiate the cells placing the tube at 45 cm from the cobalt source with jaws opened at 

32 X 32 cm for the length of time calculated according to the formula: 

exposure time (minutes) = dose (Gy) + 0.015 
cobalt decay rate (cGy/minute) x 3.68 

Sample calculation 

exposure time (minutes) = 100 (Gv) + 0.015 = 44.9 minutes 
55 (cGy/minute) x 3.68 

The cobalt decay rate varies daily and its value is issued by the Arizona Cancer Center 
Irradiation Facility, Tucson AZ. 
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APPENDIX K 

ELISA PROTOCOL 

The presence of the IFNy protein in cell culture supernatant was assessed using the 
InterTest-y Mouse IFNy kit (Genzyme, Cambridge, MA). This kit is a solid phase enzyme-
immunoassay which employs the multiple antibody sandwich principle as described below 
in Figure 29. The lower detection limit for this assay was determined to be 125 pg/ml. 

Figure29. IFNyEUSA. 5"j"^ O ® 
1. 96 well plate 1̂   ̂
1. Hamster Anti-Mouse IFNy monoclonal antibody I 6 
3. IWy protein 
4. Polyclonal Goat-Anti-Murine-IFNy 4 
5. Peroxidase-Conjugated Donkey-Anti-Goat 
6. Substrate Solution 2 j 

I I 
The assay was performed as follows: 

Day 1 
1. Briefly centrifuge the First Antibody vials containing Hamster Anti-Mouse IFNy 

monoclonal antibody 
2. Prepare the Capture Reagent by diluting 38̂ 1 of Hamster Anti-Mouse IFNy into 11 ml 

Coating Buffer. Mix well 
3. Dispense 100 |il diluted Capture Reagent in each microtiter of a 96 well plate 
4. Cover coated wells with adhesive plastic sealer, place plate in incubation bag and 

incubate at 4°C overnight 
Day 2 
1. Bring the supernatant samples and the reagents at room temperature 
2. Aspirate coating solution from microtiter wells 
3. Add 200 (il of Washing Buffer (PBS, 0.5% Tween 20) to each well, aspirate and 

repeat the wash three times 
4. Blot dry the plate onto an absorbant material 
5. Add 200 |il of Blocking / Dilution Buffer (15 ml Concentrated Protein solution, 60 ml 

Washing Buffer) to each well and cover the plate with adhesive sealer 
6. Incubate the plate at 37 °C for 30 minutes 
7. During incubation of the plate, reconstitute the lyophilized Mouse IFNy Standard into 

1 ml distilled H2O to obtain a preparation containing 41.5 ng/ml (186 units/ ml) IFNy 
Standard 
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8. Dilute the standards by adding 198 |il of reconstituted IFNy standard to 802 ni of a-
MEM supplemented with 10% FBS (see APPENDIX C) to obtain a concentration of 
8200 pg/nil Standard 

9. Add 400 nl from the 8200 pg/ml standard to a tube containing 400 |il of a-MEM 
supplemented with 10% FBS to obtain a concentration of 4100 pg/ml standard 

10. Continue to dilute standard 1:1 for 2050-125 pg/ml Standards 
11. Aspirate the Blocking/Dilution Buffer from the wells and add 100 nl of each of the 

following: controls IFNy standard dilutions, negative control (a-MEM supplemented 
with 10% FBS) and test samples to the microtiter plates in duplicates. 

12. Cover plate with adhesive sealer and incubate at room temperature for 2 hours 
13. Aspirate liquid from the plate, wash four times with Washing Buffer and blot dry the 

plate 
14. Centrifuge the 2"** antibody. Polyclonal Goat-Anti-Murine-IFNy and transfer 440 l̂ of 

it to a tube containing 10.5 ml Blocking/Dilution Buffer 
15. Add 100 nl of diluted 2"̂  antibody to each well in the plate 
16. Cover plate with adhesive sealer and incubate at room temperature for 2 hours 
17. Aspirate liquid from the plate, wash four times with Washing Buffer and blot dry the 

plate 
18. Centrifuge the 3"* antibody, Peroxidase-Conjugated Donkey-Anti-Goat and transfer 11 

Hl of it to a tube containing 11 ml Blocking/Dilution Buffer 
19. Add 100 1̂ of dilute 3"* antibody to each well in the plate 
20. Cover plate with adhesive sealer and incubate at room temperature for 1 hour 
21. Prepare Substrate Solution by mixing 6 ml of Reagent A (hydrogen peroxide in 

buffered solution) with 6 ml of Reagent B (50% tetramethylbenzidine in methanol, 2% 
DMSO, 15% glycerol) 

22. Aspirate liquid from the plate, wash four times with Washing Buffer, fill each well 
completely then decant completely. Blot dry the plate 

23. Add 100 1̂ 1 of the Substrate Solution to each well and incubate at room temperature 
for 10 minutes. 

24. Stop reaction by adding 100 1̂ of Stop Solution (IM Sulfuric Acid) to each well. A 
change of color from blue to yellow will be observed 

25. Blank the ELISA reader with the media alone wells, then read absorbance at 450nm 
using theTitertek® Multiskan Plus (Flow Laboratories Inc., McLean, VA) for the 
other wells 

26. Generate a standard curve plotting average absorbance vs. mouse IFNy concentrations 
using the CA-Cricket Graph HI™ soflaware (version 1.5, Computer Associate, 
Malvern, PA). Obtain either a linear regression analysis to give an equation of the 
form: 

Absorbance = (slope)(pg/ml) + intercept 
this equation can be solved to give: 

Sample (pg/ml of IFNy) = (sample absorbance-intercept)/(slope) 
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or obtain a power standard curve fit analysis ( depending on which curve gives the best 
fit) to give an equation of the form: 

y =ax'' 

which can be written as: 

a 

this equation can be solved to give; 

Sample (pg/ml of IFNy) = [ sample absorbance ] 
a 

note : a,b are known values in the "best fit equation' 

27. Convert pg/ml IFNy into units/ml IFNy by the following: 

41.5 ng/ml IFNy Standard used in this assay =186 units/ml 

Sample calculation: 

186 units IFNv/ml = 4.48 units IFNy /ng IFNy 
41.5 ng IFNy/ml 

16,700 pg/ml IFNy =16.7 ng/ml IFNy 

16.7 ng/ml IFNy x 4.48 units IFNy /ng IFNy = 74.81 units IFNy /ml 
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Antibody 

FITC Anti-mouse I-A'' 
FITC Anti-mouse I-A** 
FITC Isotype control IgG2b 
PE Anti-mouse H-ID*" 
PE Isotype control IgG2a 
Purified Anti-mouse I-A*"®*̂  
Purified Anti- mouseH-2K'D'' 
FITC Anti-mouse IgG 
Purified Anti-mouse IFNy-receptor 
alpha chain QEiy 
Purified Anti-mouse IFNy-receptor 
alpha chain (G320)'' 
Purified Anti-mouse H ŷ-receptor 
beta chain(MOB55)° 
Purified Anti-mouse IFNy-receptor 
beta chain(MOB47)'̂  
Biotinylated Anti-hamster IgG 
Purified Anti-mouse CD80 
Purified Anti-mouse CD4 
Purified Anti-mouse CD8a 
FITC Anti-rat IgG 
PE-Anti-mouse CD4 
PE-Anti-mouse CD8a 

IsotvDe SuDDlier 

mouse IgG2b Becton Dickinson 
mouse IgG2b Pharmingen 
mouse IgG2b Pharmingen 
mouse IgG2a Pharmingen 
mouse IgG2a Becton Dickinson 
mouse IgG Dr. S. Ostrand-Rosenberg* 
mouse IgG2a Dr. S. Ostrand-Rosenberg 
goat anti-IgG Caltag Laboratories 

hamster IgG Dr. Robert Schreiber'' 

rat IgG Dr. Robert Schreiber 

hamster IgG Dr. Robert Schreiber 

hamster IgG Dr. Robert Schreiber 

goat IgG Dr. Robert Schreiber 
rat IgG Pharmingen 
rat IgG2a Caltag Laboratories 
rat IgG2a Caltag Laboratories 
goat IgG F(ab')2 Caltag Laboratories 
rat IgG2a Becton Dickinson 
rat IgG2a Caltag Laboratories 

'Dr. S. Ostrand-Rosenberg, University of Maryland, Baltimore, MD 
"Dr. Robert Schreiber, Washigton University, St. Louis, MO 

•Monoclonal antibody 2E2 binds in the presence or absence of IFNy 
•"Monoclonal antibody G320 binds in absence of IFNy 
^Monoclonal antibody MOB55 binds in the presence or absence of IFNy 
'Monoclonal antibody MOB47 binds in the absence of IFNy 
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COLLAGENASE DISAGGREGATION 
OF SOLID TUMOR/PROTOCOL 

Freshly isolated tumor cells were obtained by digestion of resected tumors in a coUagenase 
cocktail according to the following procedure: 

1. Remove tumors and transfer each tumor to a 20 ml beaker containing 12 ml of 
coUagenase cocktail' 

2. Dice the tumors using sterUe scissors 
3. Using a 2S ml pipet transfer the diced tumor/coUagenase cocktaU to a spinner culture 

flask (BeUco, Vineland, NJ) and incubate at 37 "C on a stirrer plate for 1 to 2 hours 
4. Filter the resulting ceU suspension through a 140 |im wire screen (Copper Biomedical 

Inc., Malvern, PA) into a 50 ml conical tube (Becton Dickinson, Mountain View, CA) 
5. Wash twice in a-IMDM supplemented with 10% PBS (JRH Biochemicals, Lenexa, 

KS) 
6. Count and adjust ceU concentration (see APPENDDCJD) 

' The coUagenase cocktail consists of 25 ml saUne G (see APPENDIX C for composition), 
200 Units/ml coUagenase (Worthington Biochemical Corp., Freehold, NJ), 1% Dnase I 
(Boehringer Mannheim BiochemicaJs, IndianapoUs, IN), and 500 mg bovine serum 
albumin fraction V (Sigma, St. Louis, MO) 
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ANIMAL USE APPROVAL 

TiCUMVUSiTYOF 

ARI70N A 
institutional Anmul Care N- Tuooa Anzona 85721 
and Use Committee 11X3C3N AROONA 

Venficatica of Review 
By The Itisiitutiooai Aninai Care md Use Committee i (ACUQ 

Final Approval Gnuaed 

PHS Assurance No. A-3248-0I - USDA Na 86-3 

TTTLE; PROTOCOL CONTROL *94-039 

"EfTcct oflnterferon-Gamma Gene Transfer on the Immunogenicity of 
EMT6 Murine Mammafy Carcinoma Cells" 

PRINCIPAL INVESTIGATORyDEPARTMENT; 

Emmanuel T. Akporiaye, PhD - Microbiology & Immunology 

SUBMISSION DATE; Mardi 13.1994 APPROVAL DATE: April 21,1994 

GRANTING AGENCY 

NIH 

The Utnveisity of Anzcna [nstnuocral Annnai Care and Use Conumttee reviews all sections of proposals relating to animal 
care md use. The above named ptoposal has been granted Final Approval according to the review policies of the lACUC. 
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Full approval of this control number is valid through*: April 20,1997 
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