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ABSTRACT 

Transforming growth factor-beta (TGF-B) is a multi-functional cytokine 

produced by many tumor cells that is known to potently inhibit immune cell func

tions. Secretion of TGF-3 by malignant cells may therefore be a mechanism by 

which tumor cells escape destruction by tumor-specific T lymphocytes. If this is 

the case, prevention of TGF-R production by tumor ceils could be expected to 

eliminate tumor-derived Immunosuppression and enable the development of 

effective anti-tumor immune responses. 

To evaluate the role of tumor-derived TGF-B on tumor progression, pro

duction of this cytokine was interrupted by introducing a gene encoding antisense 

TGF-31 into the EMT6 murine mammary tumor cell line using a retroviral vector 

(LasTGF-31SN). EMT6 cells transduced with this vector (EMT6asTGF-31) stably 

expressed the antisense gene and secreted 48% less TGF-3 than did tumor cells 

transduced with the backbone vector alone (EMT6-Neo). Supernatant fluid recov

ered from tumor cells expressing the antisense TGF-31 gene also exhibited a 

decreased capacity to suppress alloantigen-specific cytotoxic T ceil responses in 

vitro. Furthermore, tumor growth in mice injected with EMT6asTGF-31 tumor 

cells was inhibited compared to mice injected with control EMT6-Neo tumor cells. 

Immune cell involvement in the growth inhibition of the antisense TGF-3 trans

duced tumors was suggested by the ability of EMT6asTGF-3 tumors to grow 

unchecked in immunodeficient scid mice and by the finding that immunocompe

tent mice that rejected antisense TGF-31-expressing tumors developed long term 

tumor immunity. These results demonstrate that expression of antisense TGF-31 

by transduced EMT6 cells decreases their tumorigenicity and that this approach 
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of eliminating immune suppression is a potentially useful strategy to enhance 

antitumor responses. 
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CHAPTER 1 

INTRODUCTION 

1.1 Literature Review 

Preamble 

Cancer is a disease that afflicts millions of people worldwide. Established 

methods of cancer treatment, including chemotherapy and radiation treatment, 

are limited by adverse side effects that accompany their use. These include drug 

or radiation-induced toxicity, development of resistant tumor cells, damage to 

normal tissues and generalized immunosuppression. Recently, efforts have been 

made to develop therapeutic strategies that stimulate the body's own immune 

cells to selectively destroy cancer cells. Immunotherapeutic strategies Include the 

adoptive transfer of stimulated lymphocytes into cancer patients (1, 2), targeting 

of tumor cells with drug or toxin-conjugated antibodies (3-5) and the generation 

of cancer vaccines that seek to stimulate cellular antitumor responses (6, 7). If 

immunotherapy is to be successful two conditions must be met: first, cells ca

pable of destroying tumor cells must be recruited to tumors and second, immune 

cells must be able to recognize and destroy tumor cells. 

Presence of host immune cells in tumors 

The relationship between host immune cells and cancer has been exten

sively studied (8, 9). Lymphocytes, macrophages and natural killer (NK) cells 

have been recovered from a variety of tumors including melanoma, breast can

cer, renal cell cancer, colon cancer and sarcoma (8, 10, 11). Other studies have 
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correlated dense lymphoreticular infiltration of tumors with diminished tumor 

invasiveness (12), delayed tumor growth and metastases (13) and prolonged 

patient survival (8, 14). Despite this significant infiltration of tumors by potentially 

cytolytic host immune cells, most tumors continue to grow and eventually over

whelm the host. 

Evidence for the existence of tumor-associated antigens 

Early studies demonstrating that naturally occurring tumors were 

nonimmunogenic and could not elicit an immune response (15, 16) led to the 

assumption that spontaneous tumors did not express antigens that could be 

recognized by immune cells. More recently, however, it has been convincingly 

demonstrated that T lymphocytes can target antigens on these tumors (17-19). 

Boon and colleagues (20-23) were the first to demonstrate that tumors lacking 

any apparent immunogenicity could be rendered antigenic. In these studies, point 

mutations generated in a variety of tumors including teratocarcinomas (20, 21), 

mastocytomas (23), and leukemias (22) created antigenic epitopes that were 

recognized by cytotoxic T lymphocytes (CTLs) (reviewed in 19 ). Importantly, 

immunization with these variants induced protection against subsequent chal

lenge with the original tumor (19). These results indicated that nonimmunogenic 

tumors, those unable to elicit an immune rejection response, nevertheless ex

pressed antigens that could be targeted by immune cells after effective immuni

zation. Other investigators using a variety of molecular and biochemical ap

proaches have since identified a growing number of tumor-associated antigens 

and antigenic peptides which are recognized by CTLs (19, 24-29). In spite of 

increasing evidence that tumors are potentially antigenic, their continued 
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existance implies tiiat tumors have developed strategies to evade the host im

mune response. 

Mechanisms by which tumors escape immune attack 

There are a number of mechanisms by which malignant cells may avoid 

recognition and destruction by T lymphocytes. These escape strategies include 

defective antigen presentation, limited expression of major histocompatibility 

molecules, absence of costimulatory molecules and the local secretion of immu

nosuppressive factors. 

The recognition of tumor-associated antigens by cytotoxic T cells requires 

that they be presented in the context of major histocompatibility complex (MHC) 

class I molecules. Class I restricted antigen presentation requires a complex 

series of Intracellular processes whereby endogenous antigens are degraded 

into peptides and transported to the cell surface bound to class I MHC protein 

(6). Malignant cells frequently downregulate expression of MHC antigens (30-33) 

or display deficiencies in components critical to antigen processing like the 

proteasome subunits LMP-7 and LMP-2 or peptide transporters TAP-1 and TAP-2 

(34-36). These deficits lead to inefficient or no presentation of tumor-derived 

antigenic peptides to potentially reactive T cells, allowing tumor escape. 

Detection of tumors by immune cells may be further thwarted by the ab

sence of costimulatory ligands on most tumor cells. In addition to stimulation 

through the T cell receptor (TCR), complete T cell activation requires additional 

signalling via CD28 binding of B7-1 or B7-2 ligands on antigen presenting cells 

(37, 38). TCR stimulation in the absence of costimulation may induce cellular 

unresponsiveness or anergy (39). During the early stages of tumor growth, cell 
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death is minimal and local antigen presenting cells (APCs) that express 

costimulatory molecules may not have access to tumor antigen. Tumor cells 

expressing tumor peptide/MHC complexes may engage the TCR alone and thus 

induce anergy in the T cells that bind them (39-41). As tumor growth progresses, 

parts of the tumor mass that are stressed by hypoxia or decreased blood supply 

may necrose, releasing antigen that can then be processed and effectively pre

sented by host APCs. However, by this time, the tumor may have become so 

large that the immune response cannot eliminate it. 

Another effective way that tumors evade immune attack is by the produc

tion of factors that inhibit the activity of tumor infiltrating lymphocytes (TILs). 

Three lines of evidence strongly suggest that locally produced factors in the 

tumor microenvironment are immunosuppressive. First, lymphocytes isolated 

from progressing tumors are functionally defective in that they are unable to 

proliferate or kill autologous tumor cells (42-44). However, upon removal from the 

tumor environment and stimulation with IL-2, these cells acquire tumor-destroy-

ing capabilities (1, 2,11,45). Second, reduction of tumor burden restores cellular 

immune reactivity in the tumor-bearing host (9, 46, 47). Third, supernatant fluids 

from a variety of tumors have been shown to inhibit the proliferative responses of 

mitogen or IL-2 stimulated lymphocytes and the generation of CTLs (44, 48-51). 

Together, these studies demonstrate that factors produced within the tumor 

microenvironment downregulate the antitumor activity of infiltrating immune cells. 

Examination of tumor cell supernatants or fluids from cancer patients and tumor 

bearing animals has revealed the presence of immunosuppressive proteins such 

as gangliosides, acute-phase proteins, prostaglandins and transforming growth 

factor beta (TGF-R)(reviewed in 51). Of these, TGF-3 has been the most exten
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sively characterized (51, 52). 

Transforming growth factor-3 is a pluripotent cytokine produced by malig

nant cells as well as other cell types (52, 53). It is derived from an inactive pre

cursor that is cleaved proteolytically to yield the 25 kd homodimeric functional 

molecule (53). TGF-B occurs as three isoforms (TGF-31, -B2, -B3) in mammals 

and mediates its effects by binding to high affinity receptors on responsive cells 

(52, 53). Included in its many functions is the ability of TGF-3 to act as a potent 

inhibitor of Immune function (52, 53). TGF-B mediated immunosuppressive ef

fects include Inhibition of lectin and lnterleukin-2 -induced T cell proliferation (54, 

55), antibody production (56), IL-2 production and receptor expression (54, 57) 

and the development of lymphokine-activated killer (LAK) cell and CTL function 

(48, 58-60). 

Several in vivo studies have suggested that TGF-B facilitates tumor pro

gression (61-63). Immunohistological examination of tumor biopsies in breast 

cancer patients revealed a strong correlation between TGF-31 secretion and the 

rate of disease progression (62) as well as increased invasiveness and meta

static potential (61, 64, 65). Increased expression of TGF-3 mRNA has also been 

associated with the development of invasion and metastases in malignant mela

noma (66). The role of TGF-B in fostering tumor growth has been directly demon

strated in animal models by transfecting the TGF-3 gene into tumor cells. In 

these studies, overexpression of TGF-B by the transfected tumor cells increased 

their tumorigenicity, Invasiveness and motility (67-70). In one report (68), the 

augmented tumongenic phenotype was accompanied by an inability to stimulate 

primary CTL responses to tumor antigen. Together, these studies demonstrate 

that TGF-B secretion by tumor cells compromises antitumor immune response 
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and facilitates tumor progression. 

Gene therapy approaches to increase tumor immunogenicity 

Gene therapists have sought to counteract tumor escape mechanisms 

and stimulate antitumor immunity in a variety of ways. Several investigators have 

attempted to boost recognition of tumor-associated antigens (TAAs) via vaccina

tion with live recombinant viruses engineered to express model tumor antigens 

(71-76). For example, immunization with recombinant vaccinia viruses express

ing human melanoma antigen p97 or carcinoembryonic antigen has been shown 

to prevent the growth of murine tumors modified to express these antigens (71, 

72). The safety of vaccination with infectious attenuated or recombinant viruses 

may be of concern, however, especially in immunocompromised individuals (77-

79). More recently, DNA encoding the model tumor antigen B-galactosidase was 

shown to induce protective cellular immunity against tumor challenge when 

directly injected into tissue (80, 81). These approaches, while promising, rely 

upon the identification of specific TAAs. 

Other attempts to increase tumor immunogenicity have focused on geneti

cally modifying tumor cells so that they directly present antigen to T cells, by

passing the need for accessory cell costimulation (82, 83). The introduction and 

expression of genes encoding MHC class I and II molecules (84-86), the 

costimulatory molecule B7-1 (40, 41, 87) or Interferon-gamma (IFN-y) (88-90), a 

cytokine known to induce MHC expression and activate immune cells (91) has, in 

a number of studies, resulted in suppression of tumor growth and enhanced 

generation of immunity against unmodified tumor cells. However, responses were 

often incomplete and failed to eliminate established metastases. 
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While great strides have been made in stimulating antitumor immunity by 

capitalizing on the identification of TAAs or by genetically altering tumor cells to 

express costimulatory molecules and immunopotentiating cytokines, little has 

been done to eliminate tumor-mediated immunosuppression. 

The goal of this study was to stimulate the host's antitumor response by 

genetically modifying tumor cells to interfere with their secretion of TGF-B, a 

known Immunosuppressive molecule. The hypothesis tested was that inhibition of 

TGF-R production by EMT6 mammary carcinoma cells eliminates tumor-medi

ated immunosuppression and restores antitumor immune reactivity. TGF-B secre

tion was interrupted by inserting an antisense copy of the TGF-31 gene into 

EMT6 mammary carcinoma cells. Within the tumor cell, the antisense TGF-3 

gene is transcribed to mRNA which binds complementary endogenous TGF-B 

mRNA and prevents protein production. Antisense RNA is thought to prevent 

protein production either by blocking translation machinery or by inducing degra

dation of the sense-antisense RNA hybrids (92-95). Since TGF-B1 shows signifi

cant homology to other TGF-B isoforms (52), production of TGF-B2 and -B3 is 

also expected to be diminished by antisense TGF-B1 expression. Indeed, 

antisense TGF-B1 mRNA has been shown to crosshybridize with the mRNA of 

TGF-B1 and -B2 (96). 

The antisense approach to limiting TGF-B protein production described in 

this report has several advantages over other existing methods that aim to inhibit 

secreted proteins. First, antisense transgene expression in situ circumvents the 

problems associated with the administration of neutralizing anti-TGF-B antibodies 

or antisense oligonucleotides. Systemically administered oligonucleotides often 

do not reach the nucleus of target cells, readily bind extraneous proteins and are 
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quickly degraded (97). Similarly, antibody is rapidly eliminated in vivo (98) making 

it difficult to sustain concentrations required to deplete TGF-B. Indeed, efforts to 

reduce TGF-B levels in experimental tumor models using anti-TGF-B antibodies 

have yielded equivocal results (99, 100). While Arteaga et al. (99) demonstrated 

that anti-TGF-R antibodies transiently inhibited the growth of MDA-231 tumors in 

athymic mice, Gridley and coworkers (100) found no delay in H238 tumor growth 

when mice were treated with anti-TGF-3. A second advantage of the proposed 

method over either antibody- or oligonucleotide-mediated systemic approaches is 

that TGF-3 inhibition is limited to tumor-derived TGF-3 affecting immune cells in 

the immediate environment without interferring with other regulatory roles of 

TGF-3. Finally, unlike plasmid based expression vectors which may be lost with 

repeated cell division, transgenes delivered by retroviral vectors become a per

manent component of the target cell genome. The antisense gene approach has 

been successfully used by other investigators (101, 102) to inhibit the growth of 

malignant glioma and hepatocellular carcinoma by downregulating the expres

sion of insulin-like growth factor-1 and transforming growth factor-a respectively. 

This study has evaluated the impact of EMT6 tumor-derived TGF-3 on the 

generation of cytotoxic T lymphocytes and tumor progression. The results dem

onstrate that expression of a gene encoding antisense TGF-31 by EMT6 tumor 

cells reduces the amount of TGF-3 protein secreted, diminishes the suppressive 

influence of tumor cell supematants on CTL activity in vitro, and renders EMT6 

cells less tumorigenic in vivo. Thus, downregulation of tumor-induced immuno

suppression using antisense technology represents a useful strategy to enhance 

antitumor immune responses. 
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1.2 Specific Aims 

The specific aims of this study were; 

1) To demonstrate the immunosuppressive effects of TGF-R on T cell mediated 

immune responses. 

2) To design an antisense TGF-B vector and permanently transduce tumorigenic 

EMT6 cells. 

3) To demonstrate the presence and expression of the antisense TGF-B gene in 

transduced EMT6 cells. 

4) To evaluate the influence of antisense TGF-B gene expression on T cell-

mediated immune responses in vitro. 

5) To evaluate the tumorigenicity of antisense TGF-B gene modified cells in vivo. 

6) To evaluate the role of immune cells in antisense TGF-B-mediated antitumor 

responses. 
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CHAPTER 2 

DEMONSTRATION OF THE IMMUNOSUPPRESSIVE EFFECTS OF EMT6-

DERIVED TGF-13 ON T CELL-MEDIATED IMMUNE RESPONSES 

2.1 MATERIALS AND METHODS 

Mice 

Six- to eight-week-old female BALB/cJ mice were obtained from The 

Jackson Laboratory, Bar Harbor, ME. The mice were housed in The University of 

Arizona animal facility and given food and water ad libitum. 

Cell lines 

The EMT6 tumor cell line was originally obtained from Dr. Sara Rockwell 

(103). It is a subline of an early passage of the KHJJ line that was derived from a 

primary mammary carcinoma that arose spontaneously in a BALB/c mouse. The 

168 tumor cell line was established from a spontaneous mammary tumor that 

developed in a BALB/cfC3H mouse. Line 4T1 is a thioguanine-resistant variant of 

410.4, a tumor subline isolated from the same tumor as was line 168. Both 168 

and 4T1 cell lines were provided by Dr. Fred Miller (104) (Michigan Cancer Foun

dation; Detroit, Ml). Tumors were routinely passaged in vivo by subcutaneous 

(s.c.) injection in BALB/cJ mice and were subsequently disaggregated and 

cryopreserved at -leo^C. The EL-4 lymphoma (ATCC TIB 39; Rockville, MD) was 

established in tissue culture from a lymphoma induced by 9,10-dimethyl-1, 2-

benzanthracene in a C57BL/6 mouse. Prior to each experiment, an aliquot of 
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frozen cells was thawed and passaged 2-3 weeks in vitro. The cells were main

tained in vitro in a-minimum essential medium (MEM) or Iscove's modified 

dulbecco's medium (JRH Biosciences: Lenexa, KS) supplemented with 10% fetal 

bovine serum (FBS) (JRH Biosciences)(Appendix A). 

Cytokines and antibodies 

lnterleukin-2 (IL-2) was kindly provided by AmGen Inc. (Thousand Oaks, 

CA). Pan-specific anti-TGF-B (AB-100-NA) and anti-TGF-B3 (AB-244-NA) neu

tralizing antibody were purchased from R&D Systems (Minneapolis, MN). Anti-

TGF-31, -B2, -33 (80-1835-03) and anti-TGF-62, -R3 (1836-01) antibodies were 

purchased from Genzyme (Cambridge, MA). A complete description of the anti

bodies used in these studies is provided in Appendix B. 

Reverse-transcriptase polymerase chain reaction (RT-PCR) 

Total RNA isolated from EMT6, 168 and 4T1 tumor cells with TRIzol Re

agent (GIBCO BRL Life Technologies Inc.; Gaithersburg, MD) (Appendix C) was 

treated with DNase I (Appendix C) to remove residual DNA and reverse tran

scribed to generate cDNA (cDNA cycle kit #K1310-02: invitrogen; San Diego, 

CA) (Appendix D). PCR amplification was performed in a 50 ^1 volume containing 

2.5 |il cDNA, 5 |il lOx PCR buffer, 1 |il lOOmM dNTPs, 1-4 |iM of each specific 

primer, 1.5 ^1 of 50 mM MgCl2 and 0.3 ^,1 TAQ polymerase. All PCR reactions 

were denatured at 94oC for 4 min (105), cooled to 75°C for the addition of TAQ 

polymerase and amplified during 35 successive cycles of denaturation (95oC for 

15 s) annealing (60°C for 30 s), and extension (75°C for 45 s) on a PTC-100 

thermal cycler (MJ Research Inc.; Watertown, MA). Histone, TGF-B and LXSN 
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specific primers were designed by Dr. Samuel Schluter at The University of 

Arizona using the OLIGO Program (National Biosciences; Plymouth, MN). The 

primers are described in detail in Appendix G. 

Collection of tumor cell supernatants 

Parental or transduced EMT6 tumor cells were seeded at a concentration 

of 10^ cells per well of a 24 well plate (Falcon 3047; Becton Dickinson Labware; 

Lincoln Park, NJ) in 1 ml of a-MEM supplemented with 10% FBS. After 24 h, the 

medium was discarded, the cells rinsed with 1 ml/well phosphate buffered saline 

(PBS) to eliminate residual TGF-B present in serum and the culture medium 

replaced with an equal volume of MEM containing a serum free supplement 

(Nutridoma-SP; Boehringer Mannheim Biochemicals; Indianapolis, IN). Superna

tant was collected 24 h later and concentrated 10x (Centricon-10 concentrators; 

Amicon, Inc.; Beverly, MA). Alternatively, tumor cells were seeded at lO^/ml in 2 

ml/well of a 12-well plate (Falcon 3043) and allowed to attach for 4 h before 

replacement of media with MEM/Nutridoma and incubation for an additional 24 h. 

Tumor cell supernatants collected in this manner were either used directly (at a 

concentration of 1x) or concentrated 10x. Supernatants used for these studies 

were derived from separate thawed aliquots of frozen stocks of tumor cells. 

Latent TGF-3 was activated by addition of approximately 30 |il of 1 M HCI per ml 

of supernatant (desired pH = 3) for 1 h at 4oC and neutralized with approximately 

20 |il of 1 M NaOH just prior to addition to mixed lymphocyte tumor cell cultures 

(MLTC). Concentrated MEM supplemented with Nutridoma was similarly acid 

activated, neutralized and used as a negative control. 
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Mixed lymphocyte tumor cell culture (MLTC) 

a) Allogeneic MLTC 

Splenocytes (10^) from naive BALB/cJ mice (H-2'i) were mixed with irradi

ated EL-4 (H-2'^) at a ratio of 10:1 in a total volume of 10 ml a-10-LAK medium 

(Appendix A). Latent TGF-3 in tumor cell supematants was activated as de

scribed above and added to the mixed lymphocyte tumor cell culture to give final 

concentrations ranging from lOx to O.lx. In experiments to confirm the role of 

TGF-B in immunosuppression, 1 ml of EMT6 supernatant was mixed with 50 |ig 

neutralizing anti-TGF-BI, -32, -B3, anti-TGF-B2, -B3, or anti-TGF-B3 antibody for 

1 h on ice prior to addition to allogeneic MLTC. Mixed lymphocyte tumor cell 

cultures were incubated undisturbed In upright T-25 flasks for 5 days at 37oC, 7% 

CO2. Viable cells were isolated by FIcoLite separation (Atlanta Biologicals; 

Norcross, GA) and tested for their ability to lyse EL-4 cells. 

b) Tumor-specific MLTC 

To ascertain the effects of TGF-B on the generation of CTLs with EMT6 

reactivity, EMT6-derived supematant was activated and added to tumor-specific 

MLTC. These cultures were established by mixing together 10^ splenocytes from 

EMT6-tumor bearing mice, 10^ Irradiated (20 Gy) splenocytes from naive Balb/cJ 

mice, EMT6 tumor cell membranes (isolated from 10® EMT6 tumor 

cells)(Appendix I) and 40 units/ml IL-2. After 5 days incubation, viable cells were 

Isolated and tested for cytolytic activity against EMT6 tumor cell targets. 

Cytotoxicity assay 

The cytotoxic activity of lymphocytes isolated from mixed lymphocyte 

tumor cell cultures was determined by a Chromium-51 (^^Cr) release assay. In 
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this assay, 5 x 10® -10^ target EMT6 or EL-4 cells were labeled for 1 h with 100 

jiCi of radioactively tagged sodium chromate (Na5iCr04). The target cells were 

washed 3x (100 x g, 5 min) and adjusted to a concentration of 5 x 10^ cells/ml in 

cRPMI (Appendix A). Viable effector cells were added to 5 x 10^ target cells in a 

final volume of 200 |il/well of a 96 well round-bottomed microtiter plate (Falcon 

3077; Lincoln Park, NJ) to yield various effector; target ratios. The plates were 

placed in a 37°C, 7% CO2 humidified incubator and left undisturbed for 4 h (allo

geneic effector cells) or 8 h (tumor-specific effector cells). Following this incuba

tion, 100 |ii of supernatant was removed from each well and the released radio

activity was measured in a gamma counter (Beckman Instruments Inc.; Fullerton, 

CA). Spontaneous release of ^iCr was determined from the supernatant of target 

cells incubated with complete RPMI alone. Total ^iCr release was determined 

from labeled cells incubated with 2% Triton-X. The percentage of cytotoxicity was 

calculated using the following formula: 

Percent cytotoxicity = test cpm - spontaneous cpm x 100 

total cpm - spontaneous cpm 

In all experiments, spontaneous release did not exceed 16% of total release. 

2.2 RESULTS 

TGF-3 gene is expressed by EMT6 cells 

The first objective in this study was to determine if EMT6 cells expressed 

an endogenous TGF-B gene. To achieve this, total RNA isolated from cultured 

tumor cells was assessed for the presence of TGF-B mRNA by reverse-tran-

scriptase polymerase chain reaction (RT-PCR) using TGF-B1, -32, and -R3 
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specific primers (Appendix E). As shown in Figure 1, mRNA encoding all three 

isofornns of TGF-3 is expressed in cultured EMT6 cells. To determine if the TGF-

3 gene was expressed in mammary tumors other than EMT6, RNA was addition

ally isolated from 168 and 4T1 tumor cells. RT-PCR analysis demonstrated that 

mRNAs from all three TGF-3 isoforms are present in these mammary tumors 

(Figure 1). 

TGF-(31 TGF-(32 TGF-P3 Histone 
1 2 3 4  1 2 3 4  1 2 3 4 1 2 3 4  

600 

300 

100 -*• 

Figure 1. Expression of TGF-B mRNA by mammary tumor cells. RT-PCR was performed 
on total RNA isolated from cultured EMT6 (lanes 3), 168 (lanes 2) and 4T1 (lanes 4) tumor cells 
using primers specific for a 236 bp fragment of TGF-B1, a 441 bp fragment of TGF-(32, a 365 bp 
fragment of TGF-B3 or a 215 bp fragment of histone. RT-PCR performed with no template addition 
was included as a negative control (lanes 1). A 100 bp DNA ladder was loaded for size reference 
(GIBCO BRL). 

EMT6 tumor-derived TGF-Q is immunosuppressive 

To demonstrate that TGF-3 protein is secreted by EMT6 tumor cells and 

that it Is capable of inhibiting immune cells, supematant from cultured tumor cells 

was added to allogeneic MLTC at varying concentrations. Cytotoxicity of the 

stimulated lymphocytes was determined in a 4 h ^iCr release assay. The data 

(Figure 2) indicate that addition of EMT6 supernatant significantly diminishes the 

cytolytic activity of lymphocytes toward the stimulating allogeneic target in a dose 

dependent manner. No suppression was observed when the lymphocytes were 

I 
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incubated with concentrated medium alone. Furtfiemiore, the lymphocyte re

sponse was completely restored upon addition of neutralizing anti-TGF-B pan-

specific antibody to the tumor-derived supematant prior to culture. Thus, TGF-B 

in EMT6 supematants is responsible for the immunosuppression observed in 

mixed lymphocyte tumor cell cultures. 

EMT6 I.OX-hAb 

EMT6 1 .OX 

EMT6 0.5X 

EMT6 0.1X 

NUTRIDOMA1.0X 

% Specific Cytotoxicity 

Figure 2. Suppression of T cell cytotoxic activity by EMT6-derived supematants. EMT6 
supematants collected in serum-free medium were activated and added to MLTC to give final con
centrations of 1 .Ox, 0.5x or 0.1 X. In some samples, TGF-B in the supematant was neutralized with 
anti-TGF-R antibody specific for all three isoforms prior to culture addition. After 5 days in culture, 
the cytolytic activity of viable Balb/cJ (H-2'^) lymphocytes against EL-4 (H-2'') target cells was mea
sured in a 4 h siCr assay. E:T ratio, 100:1. Bars represent the mean +/- SD of triplicate samples. 

TGF-B1 mediates CTL suppression 

To determine which TGF-3 isoform(s) mediated the observed immunosup

pression, acid activated EMT6 supematant was added to allogeneic mixed lym

phocyte tumor cell cultures in the presence or absence of isoform specific anti-
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TGF-B antibody (Figure 3). Tiie cytotolytic activity of lymphocytes stimulated for 5 

days was determined in a ^iCr release assay. The data support the previous 

observations that addition of tumor-derived supernatant significantly diminishes 

the cytotoxic activity of lymphocytes toward the stimulating allogeneic target 

(Figure 3) and that neutralization of TGF-3 in the supernatant by addition of 

antibody reactive against TGF-31, -32, -33 completely restores activity (Figure 

3). The data further show that supematant mixed with antibody against TGF-32 

and -33 or against TGF-33 alone remained suppressive. These findings confirm 

that the TGF-31 isoform in EMT6-derived supematants suppresses CTL activity 

55 -
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Figure 3. Suppression of T cell cytotoxicity by TGF-131. Supematant collected from EMT6 
cells cultured in serum-free, Nutridoma-supplemented medium was concentrated lOx, acid acti
vated and added to mixed lymphocyte tumor cell cultures with no antibody (•) or following neutral
ization with anti-TGF-31, -B2, -33 (O), anti-TGF-B2, -B3 (•), or anti-TGF-63 (•) antibody. Nutridoma 
supplemented medium alone (•) was added to the MLTC as a positive control. After 5 days of 
incubation, the cytolytic activity of viable BALB/cJ (H-2<i) lymphocytes against the stimulating EL-4 
(H-2'') target cells was measured in a 4 h siCr release assay at various E:T ratios. Points represent 
the mean +/- SD of triplicate samples. 
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in these cultures. 

EMT6-derived supernatants suppress tumor-specific CTL activity 

In order to determine if EMT6 supernatants also inhibit the generation of 

tumor-specific immune responses, activated tumor cell supernatant was added to 

mixed lymphocyte tumor cell cultures. These cultures were established by mixing 

splenocytes from animals bearing a primary EMT6 tumor with EMT6 cell mem

branes in the presence of low levels of IL-2 as described previously. Viable lym

phocytes were collected and tested for cytolytic activity against EMT6 target cells 

in an 8 h ^iCr release assay. As shown in Figure 4, cultures initiated in the pres

ence of EMT6-derived supernatant generated lymphocytes with no lytic activity. 
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100:1 20:1 4:1 
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Figure 4. EMT6 supernatant-mediated suppression of tumor-specific CTL activity. Tu mo r-
specific MLTCs were established in the presence (•) or absence (•) of acid activated EMT6-de-
rived supernatant. Five days later, lymphocytes were collected and tested for their ability to lyse 
EMT6 cells. Points represent the mean +/- SD of triplicate samples. 
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In contrast, MLTCs established in the absence of tumor-derived supematants 

gave rise to lymphocytes that demonstrated significant cytolysis of EMT6 cells 

(Figure 4). 
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CHAPTER 3 

DESIGN OF AN ANTISENSE TGF-B VECTOR AND THE PERMANENT 

TRANSDUCTION OF TUMORIGENIC EMT6 CELLS 

3.1 MATERIALS AND METHODS 

Cell lines 

The PA317 packaging cell line was obtained from the American Type 

Culture Collection (ATCC CRL 9078; Rockville, MD). This cell line is derived from 

a NIH 3T3 fibroblast cell line that was transfected with an amphotropic retrovirus 

packaging construct (106). This viral construct contains deletions in the retroviral 

packaging signal, the long terminal repeat (LTR) regions and the site for second 

strand synthesis. These deletions render the helper virus nontransmissible be

cause it cannot be packaged into virions, reverse transcribed or integrated (106). 

Trans-acting factors including gag, pol and env proteins are still produced, how

ever, enabling the transmission of other viral RNAs containing a full complement 

of cis-acting elements (106). The NIH 3T3 fibroblast cell line, used to determine 

the concentration of infectious virions, was kindly provided by Dr. Garth Powis 

(Arizona Cancer Center, The University of Arizona, Tucson, AZ). PA317 and NIH 

3T3 cells were passaged routinely in IMDM supplemented with 10% FBS. 
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Cloning of TGF-Q into pLXSN 

a) Plasmids and cloning strategy 

Full length murine TGF-B1 cDNA (107) was kindly provided by Genentech 

Inc. (San Francisco, CA) as a 1.6kb EcoRI fragment cloned in pSP65 (Appendix 

J). Plasmid LXSN, a pBR322 derivative containing the Tn5 neC gene under 

control of simian virus (SV40) promoter and enhancer sequences (108) was a 

kind gift of Dr. Steven Rosenberg (Surgery Branch NCI; Bethesda, MD) (Appen

dix J). To create a plasmid containing TGF-B, TGF-B1 was excised from pSP65 

and subcloned into the EcoRI site of pLXSN. The cloning strategy is depicted in 

Figure 5 and described in detail below. 

pSP65 I II 
EcoRI EcoRI 

Cloning Strategy 
ltr 

• pLXSN 
LTR MCS SV-NEO LTR 

TGF-B 

EcoRI Hpa1 Xhol BamH1 

EcoRt EcoRI EcoRI EcoRI 

TGF-B 

LIGATE 

LTR TGF-B SV-NEO LTR 

I 
TEST FOR ORIENTATION 

Figure 5. Schematic representation of the strategy used to generate pLasTGF-l3SN. 



36 

b) Preparation of TGF-f3 and pLXSN for cloning 

To prepare for ligation, a total of 50 |ig of pSP65 containing TGF-B1 cDNA 

was digested with EcoRI as follows: 10 |ig DNA was mixed with 0.5 ^1 EcoRI (10 

units/|il) (#703 737, Boehringer Mannheim) and 2 ^MOx buffer H (#1417991, 

Boehringer Mannheim) in a total volume of 20 |il. Restriction enzyme digestion 

was carried out for 1 h at 37oC. The digestion mixture was separated on a 1% 

agarose gel and the 1.6kb TGF-3 cDNA fragment excised and purified using a 

Qiaex gel extraction kit (Cat. #20020, Qiagen Inc.; Chatsworth , CA) (Appendix 

K). Approximately 20 |ig of pLXSN was similarly digested. The pLXSN digestion 

mixture was then treated with calf intestinal alkaline phosphatase (CIP, lunit/ 

|il)(#713 023; Boehringer Mannheim; GmbH, Germany) to minimize 

recircularization during ligation. CIP treatment was as follows: 40 ^1 of dilute CIP 

(1:100) was mixed with 40 |ii linearized pLXSN, 10 nl lOx dephosphorylation 

buffer (#1234 284; Boehringer Mannheim) and 10 |il H2O and the reaction mixture 

was incubated for 1 h at 37°C. The dephosphorylation reaction was stopped by 

incubation at 65oC for 1 h in the presence of 5 mM EDTA. Dephosphorylated 

pLXSN was purified using the Qiaex kit as described in Appendix K. 

c) Ligation 

Purified TGF-3 cDNAand linearized, dephosphorylated pLXSN were mixed 

together in equal volumes (5 |il each) with 2 |il lOx ligase buffer and 1 nl T4 DNA 

ligase (#6001; Stratagene Cloning Systems; LaJolla, CA) in a total volume of 20 [il. 

The ligation mixture was incubated ovemight at 16°C in a PTC-100 Programmable 

Thennal Controller (MJ Research, Inc.; Watertown, MA). The next day, E. co//(DH5«, 

Stratagene Cloning Systems) were transformed with ligated plasmid as follows: the 

ligation reaction was added to 100 jil competent cells in a 1.5 ml microcentrifuge 
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tube and the mixture was incubated for 30 min on ice, heated to 42°C for 45 s then 

cooled on ice for 3 min. SOC medium (250 |il)(Appendix A) was added to the tube 

and the mixture incubated at 37oC for 1 h with shaking (250 rpm). Transformed E. 

coli (120 p.1) were spread on 1.5% agarose plates prepared with Luria Broth 

(LB)(Appendix A) containing 38 |ig/ml ampicillin. Twenty ampicillin resistant colo

nies were selected for further evaluation. 

Determination of TGF-3 orientation 

a) Plasmid isolation 

Each colony was transferred to 5 ml LB containing ampicillin and allowed 

to grow overnight at 37°C with shaking. Approximately 1.5 ml of bacteria was 

transferred to a microcentrifuge tube and centrifuged at 12,000 x g for 3 min. The 

supernatant was discarded, the cell pellet resuspended in 50 |j,l of TNE (Appen

dix A) and 50 |il phenol/chlorofonn (1:1 v/v) was added to the tube. The sample 

was vortexed and then centrifuged at 12,000 x g. The aqueous layer was trans

ferred to a fresh tube and the DNA precipitated with the addition of 25 fil 7.5 M 

NH4OAC and 100 |j.l of 100% ethanol. The DNA was incubated on ice for 15 min 

then centrifuged for 10 min at 12,000 x g. The pellet was rinsed with 75% etha

nol, dried and resuspended with 50 |il H2O. 

b) Restriction enzyme digestion 

The isolated DNA (2 |il) was mixed with 0.5 |il RNase, 0.5 nl of restriction 

enzyme {either EcoRI or BamHI (#567 604; Boehringer Mannheim)} and 2 |il of 

lOx buffer B (#1082 035: Boehringer Mannheim) in a total volume of 20 |il. Fol

lowing digestion for 1 h at 37°C, 2 |il loading buffer (Appendix A) was added to 



each tube and 10 |il of each sample was run on a 2% agarose gel for 30 min at 

100 volts. DNA bands were stained with 10 |ig/ml ethidium bromide for 15 min 

and visualized on a UV lightbox. A colony containing plasmid DNA with TGF-6 in 

antisense orientation was expanded (Appendix L) and the DNA isolated and used 

to transfect PA317 cells. 

Generation of infectious virions 

To generate infectious virions, PA317 packaging cells were transfected 

with pLasTGF-3SN or pLXSN by calcium phosphate precipitation (108). Approxi

mately 5 x 105 PA317 cells in 4ml a-10-MEM (Appendix A) were seeded in tripli

cate 100 mm tissue culture dishes and incubated overnight at 37oC in a 7% CO2 

incubator. The next day, 10 {ig of DNA mixed with 37 ^1 of 2 M CaCl2 in a total 

volume of 300 |xl was added to 300 )j.l of 2x HEPES buffered saline and incu

bated for 30 min at room temperature. This mixture was vortexed and added 

dropwise to the PA317 cells. Transfection was allowed to proceed for 24 h at 

370c in a 7% CO2 incubator. The culture medium was then replaced with fresh a-

10-MEM containing 800 |ig/ml Geneticin (G418) every 3-4 days for 14 days. 

Geneticin resistant colonies were cultured until the cells attained 80% confluency 

at which time virus-containing supernatants were collected. LXSN or LasTGF-

31SN virions were concentrated 10-fold (Centriprep-10 #4304; Amicon, Inc., 

Beverly, MA) and titered on NIH 3T3 fibroblasts. The proviral construct LasTGF-

31 SN Is shown In Figure 6. 
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LasTGF-BSN 

as-TGF-B 

pA 
I 

Figure 6. Schematic representation of retroviral vector LasTGF-B1SN. Abbreviations 
are: LTR, long terminal repeat: ^ +, extended retroviral packaging signal; pA, polyadenylation sig
nal: SV, SV40 viral promoter; NEO. neomycin phosphotransferase gene. Transcriptional start sites 
are indicated by arrows in the LTR and SV40 promoter. 

Determination of virus titer 

Approximately 7.5 x 10^ NIH 3T3 cells in 10 ml a-10-MEM were plated in 

100 mm tissue cluture dishes and incubated ovemight. The following day, the 

supematant was replaced with 2 ml culture medium containing 4 |ig/ml polybrene 

and 20 |il of serially diluted viral supernatant. After 2 h, the medium was replaced 

with fresh a-10-MEM and allowed to incubate ovemight. The next day, the cells 

were split 1:20 and the medium was replaced with a-10-MEM containing 400 ^ig/ 

ml G418. The culture was fed with fresh a-10-MEM + G418 2x weekly. After 14 

days, control cells not infected with viral supematants were completely eliminated 

and colonies of successfully transfected neomycin resistant fibroblasts were 

visible. To enhance detection, the colonies were rinsed with warm PBS, fixed with 

10 ml of methanol for 10 min and stained with 10% aqueous Giemsa for 15 min. 

Excess stain was rinsed off with deionized water and the colonies counted. The 

virion titers of LXSN and LasTGF-BSN were 1.3 x lO'^ and 5.6 x 10"^ colony 

forming units (CFU)/ml respectively as determined by the formula: 

# colonies x dilution factor = CPU/ml 

volume of virus used 
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Tumor cell transduction 

Parental EMT6 tumor cells were plated at 3 x 10® cells in 100 mm tissue 

culture dishes and incubated overnight. The culture medium was then replaced 

with 2 ml of LXSN or LasTGF-f3SN viral stock containing 4 |ig/ml polybrene and 

the cells were infected for 2 h. Following infection, the virus-containing superna

tant was replaced with fresh tissue culture media. The next day, the cells were 

split 1:20 and selected in 400 ng/ml G418. Cultures were fed every 3-4 days with 

fresh G418-supplemented media for 10-17 days. Resistant colonies were iso

lated by ring cloning and assessed for the presence of antisense TGF-B mRNA 

and production of TGF-B protein. 

3.2 RESULTS 

Determination of TGF-B orientation 

Ampicillin resistant colonies of E. co//transformed with pLTGF-BSN were 

digested with BamHI to determine the orientation of TGF-B within the plasmid 

backbone (Figure 7). A BamHI restriction enzyme digestion of pLXSN containing 

TGF-B cDNA in the antisense orientation was expected to yield two fragments 

approximately 1282 bp and 7 kb in size (Figure 7A). Similar digestion of pLXSN 

encoding TGF-B in sense orientation would yield fragments approximately 318 bp 

and 7.1 kb in size (Figure 7A). Incubation of plasmid DNA containing TGF-B in 

either orientation was expected to release the 1.6kb TGF-B1 cDNA. As shown in 

Figure 78, restriction endonuclease digest patterns of DNA isolated from clone 

12 (lanes 2-4) were consistant with a oLXSN construct containing TGF-B1 in 

sense orientation. Clone 13 DNA digestion patterns (lanes 5-7) were representa
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tive of an antisense TGF-B1 pLXSN contruct. A colony (clone 13) containing 

plasmid with TGF-31 in antisense orientation (pLasTGF-BISN) was expanded 

and the antisense orientation of TGF-31 confirmed by sequencing (Appendix M). 

A. 
Sense TGF-p orientation 

B. 
1 2 3 4 1 5 6 7 

Eco R1 Eco Rl 
I I • t » M 

BamHI BamHI 

Antisense TGF-(3 orientation 

4072 • 

1636 • 

1018 • 

Eco R1 Eco R1 

Bam HI Bam H1 

344. 
298-

Figure 7. Restriction digest patterns of pLasTGF-BISN. A. Schematic representation of 
pLXSN and restriction endonuclease sites and the expected fragment sizes of sense and antisense 
TGF-B BamHI digests. B. Plasmid DNA isolated from resistant clones 12 (lanes 2-4) and 13 (lanes 
5-7) was digested with BamHI (lanes 2, 5) and EcoRI (lanes 4, 7) restriction enzymes. Lanes 3 and 
6 are undigested plasmid DNA from clones 12 and 13 respectively. Lanes 1 were loaded with 1 kb 
molecular weight markers for size comparison (GIBCO BRL). 
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CHAPTER 4 

DEMONSTRATION OF ANTiSENSE TGF-R GENE EXPRESSION IN 

TRANSDUCED EMT6 TUMOR CELLS 

4.1 MATERIALS AND METHODS 

Polymerase Chain Reaction (PCR) 

Primers specific for LXSN and for TGF-B in antisense orientation (Appen

dix G) were used to amplify DNA isolated from unmodified EMT6 cells and 

antisense TGF-3 transduced cells (Appendix E). Total RNA isolated from these 

cells (Appendix C) was reverse-transcribed (Appendix D) and similarly amplified 

by PCR. Polymerase chain reaction conditions were as described in section 2.1 

with the exception that reactions were cycled 45 times. 

Cell lines 

The production of TGF-3 was determined using a biologic assay based on 

growth of the TGF-3 sensitive Mink lung cell line (MvlLu). This cell line pos

sesses receptors for all three TGF-3 isoforms and is growth inhibited by TGF-3 

(53). The Mvl Lu cell line was obtained from ATCC (CCL64) and was maintained 

in vitro by passage in a-MEM supplemented with Earle's salts and 10% FBS. 

Construction of RNA probes 

a) Cloning of TGF-3 PCR product into pGEM T vector 

A 236 bp TGF-31 fragment was amplified by PCR from EMT6-derived 

cDNA, isolated by gel electrophoresis and purified using the QIAEX extraction 
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protocol (Appendix K). The purified TGF-B1 PGR product (5 |il) and 1 jil of 

pGEM-T vector (#A3600: Promega; Madison, Wl) (Appendix J) were mixed 

together with 2 |j,l 10x ligase buffer and 1 |il T4 DNA ligase (#6001, Stratagene 

Cloning Systems; LaJolla, CA) in a total volume of 20 |il. The ligation mixture was 

incubated overnight at 16°C in a PTC-100 Programmable Thermal Controller (MJ 

Research, Inc.). The next day, E. coli were transformed with ligated plasmid and 

plated on agar containing LB and ampicillin as described previously (Section 

3.1). Plasmid DNA isolated from ampicillin resistant colonies was sequenced 

(Appendix M). A colony containing the TGF-B1 fragment in sense orientation was 

expanded and the plasmid DNA isolated (Appendix L). 

b) Generation of RNA probes 

To generate RNA probes, pGEM-TGF-BI was linearized by Not I or Nco I 

digestion as follows: 50 ^g plasmid DNA was mixed with 7.5 |il buffer H and 3 |il 

enzyme in a total volume of 75 |il and incubated at 37oC for 3 h. Following diges

tion, proteinase K was added to the reaction in a final concentration of 200 |ig/mi 

and the sample was heated to 50°C for 30 min. The reaction was stopped in the 

presence of 2 mM EDTA. The linearized DNA was purified by phenol-chloroform 

extraction and quantified (Appendix F). Biotin-labeled sense and antisense TGF-

3 RNA were generated by addition of T7 polymerase and SP6 polymerase to Not 

I and Nco I digests, respectively, in the presence of a Biotin-14-CTP/NTP mix 

using the BrightStar Biotinscript transcription kit (#1384; Ambion, Inc.; Austin, 

TX). Specifically, the reaction mix contained 2 |il lOx BIOTINscript buffer, 1 |il 

ribonuclease inhibitor, 1 |ig of linearized DNA template, 5 |il 2x Biotin-14-CTP/ 

NTP mix, 5 |il 2x unlabeled NTPs, 1 }il RNA polymerase and nuclease-free H2O 



44 

to give a total reaction volume of 20 |j.l. Transcription was allowed to proceed for 

2 h at 37°C. The DNA template was then destroyed by the addition of 1 ^1 (1 unit) 

DNase I to the transcription reaction for 15 min at 37oC. Unincorporated nucle

otides and incomplete transcripts were removed by separation on 8M urea/5% 

polyacrylamide gels (Appendix N). Full-length transcripts were excised from the 

gel and eluted overnight at room temperature in 300 |il of buffer containing 0.5 M 

NH4(OAc)2, 20 mM Mg(0Ac)2, 0.1 mM EDTA and 0.1% sodium dodecyl sulfate 

(SDS). A B-actin control probe was generated by T7 polymerase transcription of a 

linearized template containing a 250 bp mouse B-actin gene fragment in 

antisense orientation (pTRI-B-Actin-mouse template, Ambion) in a manner identi

cal to that described for the TGF-6 sense and antisense RNA probes. Full length 

probe transcript sizes were 304 nucleotides (nt) (actin), 298 nt (sense TGF-B) 

and 325 nt (antisense TGF-R). 

Ribonuclease protection assay (RPA) 

Ribonuclease protection assays were performed using the RPAII kit 

(#1410; Ambion) according to the manufacturer's instructions. Briefly, 10-50 |ig 

total cellular RNA was hybridized with 0.5 ng of RNA probe overnight at 42oC. 

The remaining single-stranded probe RNA and unhybridized sample RNA were 

digested with 200 |il of a 1:50 dilution of RNase A (250 units/ml) and RNase T1 

(10,000 units/ml) for 30 min at 37oC. Probe fragments protected by complemen

tary RNA were precipitated by the addition of an RNase inactivation/precipitation 

mixture (Ambion, patent pending) in the presence of 100% ethanol. The RNA 

pellet was resuspended in loading buffer (95% fomnamide, 0.025% xylene 

cyanol, 0.025% bromphenol blue, 0.5 mM EDTA, 0.025% SDS) and separated on 
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0.75 mm thick 8M urea/5% polyacrylamide gels (100 volts, 1 h) buffered with 1x 

TBE (Appendices A, N). Separated fragments were transferred to a positively 

charged nylon membrane (#10102; Ambion) for 30 min at 400 mA in cold (4oC) 

0.5x TBE. The fragments were visualized by the addition of strepavidin-alkaline 

phosphatase using a BrightStar Biodetect kit (#1925, Ambion) (Appendix O). To 

achieve the desired image intensity, film was exposed from 1-15 min approxi

mately 24 h after incubation of the blot with the chemiluminescent reagent CDP-

Star^M (#8653G: Ambion). The expected sizes of protected fragments were 250 

bp for RNA hybridized to the actin probe and 236 bp for RNA complementary to 

either the sense or antisense TGF-3 probe. 

Quantitation of TGF-(3 

TGF-3 protein was measured by ELISA and in a bioassay using the 

MvlLu Mink lung cell line (109). Tumor cell supernatants were collected as 

described in section 2.1. 

a) ELISA 

TGF-3 in tumor cell supernatants was activated by the addition of HCI as 

was previously described. A stock solution of TGF-31 was similarly activated and 

diluted to give standards ranging from 0-4 ng/ml TGF-3. One-hundred |il of 

activated sample and standards were added in duplicate to each well of a 

microtiter plate coated with anti-TGF-3 antibody (Predicta TGF-31 ELISA Kit; 

Genzyme; Cambridge, MA). Following an incubation of 1 h at 37oC, the wells 

were rinsed 5x with wash buffer and 100 |xl of direct-labeled horseradish peroxi

dase (HRP)-conjugated polyclonal anti-TGF-31 antibody was added to each well. 

The microtiter plate was incubated for 1 h at 37oC, the wells washed as before 
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and 100 |xl of substrate reagent added. After 20 min incubation, color develop

ment was stopped with the addition of 100 ^1 stop solution and the absorbance 

measured at 450 nm. TGF-R1 concentrations were determined by comparison 

with a linear standard curve. 

b) Mv1 Lu Bioassay 

The bioassay is based on the ability of TGF-R to inhibit thymidine 

uptake of MvlLu cells. Briefly, 5 x lO'^ MvlLu cells in 100 |il a-MEM/Earles/ 

10%FBS were mixed with activated tumor cell supematants (100 |il/well) in a 96 

well flat-bottomed microtiter plate(Falcon 3072) and incubated at 37oC in a 7% 

CO2 atmosphere. After 20 h of incubation, 1 |iCi (20 |il/well) of ^H-thymidine (6.7 

Ci/mmol, NEN) was added and the p(ate(s) incubated for an additional 4 h. Fol

lowing label incorporation, the supernatant was removed and the adherent 

Mvl Lu cells detached with 100 |j.l of 0.25% trypsin/EDTA. The cells were har

vested using a PHD Cell Harvester (Cambridge Technology Inc.; Watertown, MA) 

and 3H-thymidine incorporation measured in a liquid scintillation counter (Tracor 

Analytic; Elk Grove Village, IL). TGF-3 levels were determined from a standard 

curve (0-2 ng/ml) generated using rhTGF-3 (240-8; R&D Systems; Minneapolis, 

MN). 

4.2 RESULTS 

Antisense TGF-31 gene expression by transduced EMT6 tumor cells 

A. PCR/RT-PCR Analyses 

In order to demonstrate that the antisense TGF-3 transgene was success

fully integrated into the genome of transduced EMT6 cells, DNA isolated from 
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unmodified EMT6 cells and EMT6asTGF-6 tumor cells was amplified by PGR 

using primers specific for LXSN and TGF-B in antisense orientation (Figure 8A). 

The data show that the antisense TGF-B transgene is present in the transduced 

cells (lane 3, 999 bp product) but not in the unmodified EMT6 cells (lane 2). To 

determine if the antisense TGF-R transgene was expressed, RNA was similarly 

isolated and amplified by RT-PCR (Figure 8B). The data indicate that the 

antisense TGF-3 gene is expressed in the transduced cells (lane 3) but not in 

unmodified EMT6 tumor cells (lane 2). 

RT-PCR 
2 3 4 5 6 

A. PGR 
12 3 4 

B. 

1636 
1018 

506, 517 

Figure 8. Presence of antisense TGF-B DNA and mRNA in transduced EMT6 tumor cells. 
A. DNA isolated from EMT6 (lane 2) and EI\/IT6asTGF-B tumor cells (lane 3) was evaluated by PGR 
for the presence of the antisense TGF-3 transgene using an antisense TGF-B primer in combination 
with an LXSN-specific pnmer as described in Appendix G. This primer pairs yields a 999 bp product 
if the transgene is present. Lane 4 represents PGR peiiormed with no template. B. Expression of 
antisense TGF-(3 mRNA was assessed by RT-PCR of RNA isolated from EMT6 (lane 2) and 
EMT6asTGF-6 (lane 3) cells. PGR performed with no template is shown in lane 4. Lanes 5 and 6 
represent PGR (no RT) of RNA from EMT6 and EMT6asTGF-B tumor cells respectively. In panels A 
and B, lane 1 was loaded with 1 kb molecular weight markers (GIBGO BRL). 
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B. RNase Protection Assay (RPA) 

The RNase protection assay was used to confirm the stable expression of 

the antisense TGF-B transgene. Total RNA isolated from EMT6, mock transduced 

EMT6 cells (EMT6-Neo) and EMT6as-TGF-B1 cells was mixed with RNA probes 

specific for sense TGF-3 (Figure 9A), antisense TGF-3 (Figure 9B) and actin 

(Figure 9C). In this assay, hybridization of mRNA with a complementary RNA 

probe protects the probe from subsequent digestion with RNAse A and T1. In 

panel A, a 236 bp fragment of the sense-specific TGF-3 probe was protected by 

EMT6, EMT6-Neo, and EMT6as-TGF-31 RNA indicating that TGF-3 mRNA is 

present in unmodified EMT6 (Figure 9A, lane 4) and transduced EMT6 cells 

(Figure 9A, lanes 5, 6). In contrast, antisense TGF-3 mRNA is expressed only in 

EMT6as-TGF-31 transduced tumor cells (Figure 9B, lanes 4-6). These data 

demonstrate that although EMT6, EMT6-Neo and EMT6as-TGF-3 tumor cells 

express the ubiquitous actin gene (Figure 9C, lanes 4-6) and the sense TGF-3 

gene, only EMT6 cells transduced with the antisense TGF-3 construct (EMT6as-

TGF-31) express antisense TGF-31 mRNA. 

Diminished production of TGF-D by EMT6 cells transduced with antisense 

TGF-B1 cDNA 

In order to determine if expression of the antisense TGF-31 transgene 

reduced production of the secreted protein, supematant from mock transduced 

(EMTe-Neo) and antisense TGF-31 transduced (EMT6as-TGF-31) clones were 

assayed for TGF-31 by ELISA (Genzyme; Cambridge, MA). Production of TGF-3 
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Figure 9. Detection of antisense TGF-fi gene expression by RNase protection assay. Total RNA from EMT6 (lane 4 each panel), 
EMT6-Neo (lanes 5) and EtVlT6as-TGF-B (lanes 6) tumor cells was hybridized with a biotin-labeled RNA probe specific for a 236 bp segment 
of sense TGF-R1 mRNA (panel A) antisense TGF-f3 mRNA (panel B) or a probe specific for a 250 bp fragment of actin mRNA (panel C). Only 
dsRNA fragments protected from subsequent digestion with RNase are visible. In all panels, lane 2 represents undigested probe; lane 3 
represents probe digested with RNase. Lanes 1 and 7 in each panel were loaded with RNA Century f^arkers (Ambion). 
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was reduced in cells transduced with antisense TGF-B cDNA. TGF-R levels in 

supematants in these clones ranged fronn 22-79% of that measured in parental 

EMT6 supematants (630 pg/ml/105 cells). EMT6asTGF-B clone 12, whose level 

of secreted TGF-B was among the lowest (150 pg/mi/IO® cells), was selected for 

subsequent studies. One to two years after this initial screening, aliquots of 

EMT6asTGF-3 clone 12 were again tested for secretion of TGF-R using a modi

fied collection procedure. At this time, production of TGF-R1 by antisense 

transgene expressing cells (398 +/- 31 pg/ml/10® cells) was reduced by 48 % 

compared to control mock transduced cells (764 +/- 104 pg/ml/IO^ cells) (Table 

I). Comparable values were obtained when supematants were tested using the 

Mink lung cell (MvlLu) bioassay (Table I). The differences in absolute TGF-R 

levels between initial screenings and more recent assays may represent variabil

ity in supernatant collection and storage procedures. In later assays, the number 

of cells seeded was increased 10-fold and the supematants collected after less 

time in culture (Section 2.1). 

Table I. Diminished production of TGF-B by EMT6asTGF-B-12 cells. 

TGF-B (pg/ml/106 cells) 

EMTB-Neo EMT6asTGF-B-12 

ELISA 764 +/- 104 398 +/- 31 

MvLu 800 +/- 87 400 +/- 0 

Supernatant from EMT6-Neo and EMT6asTGF-R-12 cells were assayed for TGF-B 
production by ELISA and Mink lung epithelial cell bioassay. TGF-R levels are ex
pressed as pg per ml of culture medium initiated with 10® cells. Values represent 
the mean +/- SEM. 
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CHAPTER 5 

EVALUATION OF ANTISENSE TGF-f) TRANSGENE EXPRESSION ON T 

CELL-MEDIATED IMMUNE RESPONSES IN VITRO 

5.1 MATERIALS AND METHODS 

To evaluate the influence of antisense TGF-R1 gene expression on the 

immunosuppressive activity of EMT6 cells, supernatants from EMT6-Neo 

EMT6as-TGF-R1 cells were tested for their ability to inhibit the generation of 

allospecific cytotoxic T cell activity in mixed lymphocyte tumor cell cultures. 

Methodological descriptions of tumor cell supematant collection, establishment of 

allogeneic MLTC and the cytotoxicity assay are given in Section 2.1. 

5.2 RESULTS 

Antisense TGF-B expression by EMT6 tumor cells reverses TGF-B-mediated 

immunosuppression 

As shown in Figure 10, EMT6-Neo cell supernatants suppressed the 

cytotoxic activity of MLTC-stimulated lymphocytes by 44-86% when compared to 

the activity of lymphocytes stimulated in the absence of tumor supernatants 

(Nutridoma alone). Supernatants from EMT6 cells expressing antisense TGF-B1 

were less effective in suppressing the activity of MLTC-stimulated T lymphocytes 

(19-41% inhibition, Figure 10). The differences in the mean cytotoxic activity of 

lymphocytes stimulated in the presence of EMT6-Neo and EMT6as-TGF-B1 

supernatants were statistically significant (p=0.025). 
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80 

Experiment 1 Experiment 2 Experiment 3 

Figure 10. Reversal of immunosuppression by EMT6asTGF-B1-derived supernatant 
Supernatant fluids collected from EMT6-Neo (clear bars) and EMT6as-TGF-f31 (hatched bars) tu
mor cells in serum free, Nutridoma supplemented media were acid activated and added to 5 day 
MLTC. Similarly treated Nutridoma supplemented medium alone (solid bars) was added to the MLTC 
as a positive control. Lymphocytes {H-2<^) retrieved from MLTC were assessed for cytotoxic activity 
against EL-4 (H-2t>) in a 4 h siCr release assay. Points represent the mean +/- SE of triplicate 
samples. 
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CHAPTER 6 

EVALUATION OF THE TUMORIGENICITY OF ANTISENSE TGF-B GENE 

MODIFIED CELLS IN VIVO 

6.1 MATERIALS AND METHODS 

Determination of in vitro growth kinetics 

EMT6, EMT6-Neo and EMT6asTGF-B cells were seeded at 10^ cells per 

10 ml a-10-IMDM in triplicate 100 x 20 mm tissue culture dishes (Falcon #3803, 

Becton Dickinson Labware; Lincoln Park, NJ) and incubated for 48, 62 and 72 h. 

At each time point, cells were collected and counted. To collect the adherent 

tumor cells, the culture medium was removed and the plates rinsed with 5 ml of 

PBS. The cells were then coated with approximately 2 ml of Trypsin-EDTA (Ap

pendix A) and incubated for 2 min at room temperature. The cells were dis

lodged, collected with 10 ml of a-10-IMDM and centrifuged at 200 x g for 10 min. 

The cell pellet was resuspended with 5 ml a-10-IMDM and 100 |il was removed 

for cell viability staining. The cell aliquot was diluted 1:2 with 100 |il 0.4% trypan 

blue (Sigma) and loaded onto a hemacytometer. Total cell number was deter

mined by the following formula; 

Total cell number = # cells counted x lO'* x dilution factor x total volume 

# of squares counted 

Cell viability was assessed as follows; 

# live cells (unstained) x 100 = percent viability 

# dead cells (stained blue) 
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Flow cytometric analysis 

Cell surface expression of class I and class II MHC molecules on EMT6, 

EMT6-Neo and antisense TGF-f3-expressing EMT6 cells was determined by flow 

cytometry using a FACScan fluorescence-activated cell sorter (Becton Dickinson, 

Mountain View, CA). Tumor cells were washed and resuspended at a concentra

tion of 5 X 106 cells/ml in PBS. Approximately 10® cells were stained for 30 min 

with 1 |ig of phycoerythrin conjugated class I MHC mab (PE-H-2Dd) or fluores

cein Isothiocyanate conjugated anti-class II MHC (FITC-I-Ad). Cells were also 

labeled with PE-lgG2a or FITC-igG2b to control for non-specific isotype staining. 

The IFN-Y transduced EMT6 cell line B17 (90) was similarly stained and used as 

a positive control for MHC class II expression. After labeling, cells were washed 

2x (300 x g, 5 min) in PAB (Appendix A) to remove excess antibody. Washed 

cells were resuspended in 0.25 ml PAB for flow cytometric analysis. All steps 

were carried out at 4°C and in reduced light to minimize excitation of the fluores

cent labels. The antibodies used in these experiments were purchased from 

PharMingen (San Diego, CA) (Appendix B). 

Mice 

Six- to eight-week-old female BALB/cJ mice were obtained from The 

Jackson Laboratory, Bar Harbor, ME. The mice were housed in The University of 

Arizona animal facility and given food and water ad libitum. 

Determination of in vivo tumor growth 

Tumors were generated by the subcutaneous (s.c.) injection of 10^ EMT6-

Neo or EMT6as-TGF-3 cells in 100 fil PBS into the flank of normal BALB/c mice. 
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Tumors were measured in two perpendicular dimensions every 3-4 days for 28 

days using a pair of calipers (19144-148; VWR Scientific Products). Tumor vol

ume was calculated using the formula v = I x w2/2 where v = volume (mm^), I = 

long diameter and w = short diameter (110). The injected tumor cells were de

rived from frozen aliquots of tumor stocks that were that were thawed and mini

mally propagated (1 week) in vitro prior to use. 

6.2 RESULTS 

Growth characteristics of parental and transduced EMT6 cells in vitro 

Tumor cells expressing antisense TGF-31 were assessed for their in vitro 

growth characteristics. Unmodified parental EMT6 cells, neomycin transduced 

cells and antisense TGF-B transduced cells were similar in morphology, appear

ing adherent, oblong and stretched out on the tissue culture flask surface. As 

shown in Figure 11, the growth kinetics of antisense TGF-B1 expressing tumor 

cells did not differ from that of parental (EMT6) or control (EMT6-Neo) tumor 

cells. These findings demonstrate that the presence and expression of the 

transgene do not affect the growth behavior of EMT6 cells. 

IVIHC expression of parental EMT6 cells and EMT6 cells transduced with 

antisense TGF-B 

Since TGF-B has been reported to downregulate the expression of major 

histocompatibility complex antigens (111-113), it was of interest to determine if 

antisense TGF-B transgene expression altered surface levels of these molecules. 

To evaluate this possibility, unmodified (EMT6), mock transduced (EMT6-Neo) 
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Figure 11. In vitro growth kinetics of parental and transfected EMT6 cells. EMT6 (•), 
EMT6-Neo (•), and EMT6asTGF-B (•) cells seeded on day 0 were harvested and counted at 48, 
62, and 72 h. Points represent the mean +/- SD of triplicate samples for two experiments. 

and antisense TGF-B transduced (EMT6asTGF-3) cells were labeled with mono

clonal antibodies specific for MHC class I (Figure 12A) and MHC class II (Figure 

12B). The IFN-y- expressing EMT6 cell line (B17)(90), which is positive for both 

classes of MHC was included as a positive control. As shown in Figure 12, 

antisense TGF-3 expressing cells (EMT6asTGF-3), mock transfected (EMT6-

Neo) cells and unmodified EMT6 cells did not express MHC class II molecules on 

their surface. Furthermore, constitutive expression of class I MHC by antisense 

TGF-31 transduced cells was not altered. Thus, expression of the antisense 

TGF-B gene does not affect surface expression of MHC molecules. 
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Figure 12. Major histocompatibility molecule surface expression of transduced cells. EMT6,EMT6-Neo, EMT6asTGF-
B and B17 cells were stained with PE conjugated anti-MHC class I antibody (panel A) or FITC conjugated anti-MHC class II mAb 
(panel B). The dotted line represent cells stained with isotype control antibodies lgG2a-PE and lgG2b-FITC in panels A and B 
respectively. 
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Figure 13. Inhibition of EMT6asTGF-f}1 tumor growth in vivo. BALB/cJ mice injected 
with EMT6-Neo or EMT6asTGF-f31 tumor cells were monitored for tumor development. Points rep
resent the tumor burden of individual animals on day 24 (Experiments 1, 3) or day 28 (Experiment 
2). 

In vivo growth inhibition of EI\/IT6asTGF-B1 tumors 

Having demonstrated the ability of antisense TGF-B1 gene expression to 

reverse immunosuppression in vitro, we sought to determine the effect of 

antisense TGF-Rl gene expression on the growth of EMT6 tumors in vivo. Mice 
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were therefore injected with EMT6-Neo or EMT6asTGF-B1 cells and tumor 

development monitored. Whereas animals injected with control tumor cells 

(EMT6-Neo) developed progressive tumors, 5 of 15 mice injected with EMT6 

cells expressing the antisense TGF-31 transgene did not develop tumors (Figure 

13). In those animals in which the EMT6asTGF-31 tumors were not rejected, 

there was a delay of 3-11 days in tumor emanation compared to animals receiv

ing control tumor cells (EMT6-Neo). Furthermore, the majority of tumors that 

developed in the animals injected with antisense TGF-B1-transduced cells grew 

more slowly (mean of 410 +/- 74 mm3) than EMT6-Neo tumors (mean of 675 +/-

104 mm3). 

Diminished transgene expression in EMT6asTGF-R progressing tumors 

Some EMT6asTGF-f3 tumors that were not rejected were excised, di

gested and grown in tissue culture for 1 week to separate tumor cells from tumor 

infiltrating host cells (Appendix P). Total RNA collected from the tumor cells was 

then re-evaluated for antisense TGF-3 gene expression by RNase protection 

assay (Section 4.1). The intensity of antisense TGF-B bands was equalized 

among samples based on actin gene expression. As illustrated in Figure 14 and 

Table II, three of the four tumors tested expressed decreased levels of antisense 

TGF-B mRNA compared to cultured EMT6asTGF-B cells. The data indicate that 

gene-modified tumors that escape rejection have downregulated antisense TGF-

B gene expression. 
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Figure 14. Transgene expression in EMT6asTGF-0 progressing tumors. RNA from 
EMT6-Neo (lanes 4), EMT6asTGF-l3 cultured cells (lanes 5) and EMT6asTGF-R progressing tu
mors (lanes 6-9) was hybridized with biotin-labeled RNA probes specific forantisenseTGF-B mRNA 
(panel A) or actin mRNA (panel B). Following digestion with RNase, protected fragments were 
separated and visualized. In each panel, lane 2 represents undigested probe; lane 3 represents 
probe digested with the RNase mixture. Lanes 1 were loaded with RNA Century markers (Ambion). 

Table II. Relative expression of antlsense TGF-13 in progressing 
tumors. 

Optical Density 

Sample asTGF-B actin asTGF-B/actin 

EMT6-Neo tumor 0.00 1.10 NA 

Cultured EMT6asTGF-3 cells 1.00 1.00 1.00 

EMTSasTGF-B tumor #1 1.72 1.88 0.91 

#2 0.47 0.60 0.78 

#3 0.29 1.94 0.149 

#4 0.13 2.00 0.065 
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EVALUATION OF THE ROLE OF IMMUNE CELL INVOLVEMENT IN 

ANTISENSE TGF-I3-MEDIATED ANTITUMOR RESPONSES 

7.1 MATERIALS AND METHODS 

Mice 

Six- to eight-week-oid female BALB/cByJ and BALB/cByJSmn-sc/d/J mice 

were obtained from The Jackson Laboratory, Bar Harbor, ME. The mice were 

housed in the microisolation unit of The University of Arizona animal facility and 

given sterile food and water ad libitum. Mice were handled aseptically under a 

laminar flow hood. 

Determination of long term immunity 

Fifteen mice were injected with lO'^ EMT6asTGF-B tumor cells. Mice that 

remained tumor free 50 days post-injection with 10^ EMT6asTGF-B tumor cells 

were challenged with unmodified EMT6 cells administered s.c. in the flank 

contralateral to the one in which the primary inoculum was given. Unimmunized 

naive mice were similarly challenged. Tumor growth was monitored for 4-8 weeks 

as previously described (Section 6.1). 
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Immunohistochemical analysis 

Eighteen days post tumor cell injection, EMT6 and EMT6asTGF-3 tumors 

measuring approximately 246 mm^ and 56 mm^ respectively were excised, 

embedded in OCT compound (M7148-4: Baxter; McGaw Park, IL), frozen in 

liquid nitrogen and stored at -80°C. Thin (5 |im) cryostat sections were fixed in 

ice-cold acetone for 10 min, air dried and placed in a dessicator. For staining, 

tissue sections were hydrated for 5 min in PBS, blotted dry and covered with 

10% normal rabbit serum for 20 min to block nonspecific protein interactions. 

Excess serum was blotted from the sections and the tissue flooded with approxi

mately 100 |ii of primary antibody diluted 1:500 (stock concentration 0.2 mg/ml) 

in PBS containing 1.5% normal rabbit serum. The primary antibodies were pur

chased from Caltag (Burlingame, CA) and inculded rat Ig specific for CD4 

(RM2500), CDS (Rl\/I2200) or the macrophage marker F480 (RM2900) and 

isotype controls lgG2a(R2a00) and lgG2b (R2b00) (Appendix B). The tissue 

sections were incubated with these antibodies for 1 h at 25°C in a humidified 

chamber, rinsed with PBS and then incubated for 30 min at room temperature 

with mouse adsorbed biotinylated rabbit anti-rat Ig secondary antibody (BA-4001: 

Vector: Burlingame, CA) diluted 1:33 (stock concentration 0.5 mg/ml) in PBS 

containing 1.5% normal rabbit serum (Appendix B). The sections were rinsed 

with PBS and endogenous peroxidase activity quenched by incubating the sec

tions for 5 min in 3% hydrogen peroxide. The sections were rinsed with PBS, 

incubated with the avidin-biotin complex (Vectastain Elite ABC Reagent PK-6104: 

Vector) for 5 min and rinsed again. Labeled ceils were visualized by incubation of 

the sample with a peroxidase substrate mix (Vector VIP Substrate Kit SK-4600; 

Vector) at room temperature for 10 min. Positve cells were stained purple by this 
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substrate. The tissues were then counterstained with a nuclear stain (Methyl 

green, H-3402: Vector) for 2 min at 60oC, rinsed with dH20 and visualized with a 

light microscope. To confirm the ability of this method to detect macrophages and 

lymphocyte subsets, immunohistochemistry was initially perfonned on 

cytocentrifuge preparations (Appendix Q) of a cell suspension containing perito

neal exudate cells, splenocytes and EMT6 tumor cells (Figure 15). 

Immunization studies 

Balb/cJ mice were injected s.c. with 5x10® EMT6 or EMT6asTGF-B 

irradiated tumor cells (100 Gray, s^Co source) in 100 |il sterile PBS. After 7 days, 

the mice were simiiary re-innoculated in the opposing flank. Seven days following 

the second immunization, the mice were sacrificed and the inguinal draining 

lymph nodes removed. The lymphocytes were released by gentle compression of 

the nodes with the blunt end of a syringe plunger in wann cRPMI (Appendix A). 

The mixture was filtered through a fine mesh (140 p.m) to remove debris, washed 

once with cRPMI (100 xg, 5 min) and resuspended to a concentration of 2 x 10® 

cells/ml. Two ml of this cell suspension (4x10® cells) were added to each well of 

a 12 well plate that had been coated overnight with 5 [ig of hamster anti-mouse 

CDS antibody (Appendix B). After two days incubation at 37oC in a 7% CO2 

humidified incubator, the cells were collected and resuspended to a concentra

tion of 3 x 10^ cells/ml in cRPMI containing 40 U/ml IL-2. Two ml of this cell 

suspension (6 x 10^ cells) were added to each well of a 24 well plate and left 

undisturbed for 3 days at 37°C in a 7% CO2 incubator. Lymphocytes thus treated 

were then stimulated in tumor-specific MLTC and tested for cytolytic activity as 

has been previously described (Section 2.1) with the exception that irradiated 

EMT6, EMTSasTGF-B or EMTS-IFN-y whole cells were used as a source of 

antigen. 



Figure 15. Demonstration of lymphocyte and macrophage detection by immunohistochem-
istry. Peritoneal exudate cells, splenocytes and EMT6tumorcellsweremixedtogetherina 1.5:1:1 
ratio and deposited on a slide by centrlfugation (Appendix Q). The cells were immunostained with 
antibody to CD4 (A), CDS (B) and murine macrophage (F4/80) (C). Panels D and E represent cells 
stained with isotype control antibodies lgG2a and lgG2b respectively. Magnification X 200. 
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7.2 RESULTS 

EMT6asTGF-Q tumors grow progressively in immunodeficient mice 

To determine if T lymphocytes were involved in the inhibition of antisense 

TGF-31-expressing tumors, the growth of injected EMT6asTGF-B1 and EMT6-

Neo tumor cells was monitored in sc/dand immunocompetent mice. Three of four 

immunocompetent mice rejected or significantly inhibited EMT6asTGF-B1 tumors 

compared to EMT6-Neo controls in which 4/4 tumor grew unchecked (Figure 

16A). In contrast, EMT6asTGF-B1 and EMT6-Neo tumors grew progressively in 

all sc/dmice (Figure 16B). The mean tumor sizes of EMT6asTGF-B1 and EMT6-

Neo tumors were 1619 +/- 455 mm^ and 978 +/- 309 mm^ respectively. These 

data suggest that rejection of antisense TGF-31-expressing tumors requires an 

Immune component not present in immunodeficient mice. Taken together, these 

experiments demonstrate that the reduced tumorigenicity of EMT6asTGF-B1 

cells in Immunocompetent mice can be attributed in part to the 

immunomodulatory effects of the antisenseTGF-BI transgene. 

Acquisition of long term immunity 

To determine if immunization with antisense TGF-3-expressing tumor cells 

results in the development of protective immunity to future challenge with un

modified tumor cells, five mice that rejected EMT6asTGF-3 tumors were injected 

with unmodified EMT6 cells and monitored for tumor growth. As shown in Figure 

17, two of five mice completely rejected the EMT6 challenge tumor. In the re

maining three mice, tumor development was delayed 7-31 days compared to 

tumor development in unimmunized mice. These results indicate that animals 

that reject EMT6asTGF-3 tumors develop immunity to challenge with unmodified 

tumor cells. 
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Figure 16. Growth of EMT6asTGF-B1 tumors in immunodeficient mice. Normal (panel A) 
or sc/d (panel B) mice were given a s.c. injection of 10^ EMT6-Neo or EMT6asTGF-l31 tumor cells. 
Points represent the tumor burden of individual animals measured on day 24 post inoculation. 
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Figure 17. Development of tumor immunity. Fifty days after rejecting EMT6asTGF-B tumors, 
five mice (eachi represented by a symbol) were challenged with unmodified EMT6 tumor cells. The 
solid line represents the mean size of Ei\/1T6 tumors that grew in unimmunized mice. 
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Infiltration of EMT6asTGF-Q expressing tumors with host immune cells 

To further evaluate the involvement of immune cells in the decreased 

capacity of EMT6asTGF-R cells to form tumors, unmodified EMT6 and antisense 

TGF-3-expressing tumors were excised, sectioned and analysed 

immunohistochemically for the presence of T lymphocytes and macrophages. As 

shown in Figure 18, both EMT6 and EMT6asTGF-B tumors are significantly 

infiltrated with macrophages. Sparse infiltration of tumors with CD4+ and CD8+ T 

lymphocytes was also detected (Figure 18). Antisense TGF-R-expressing tumors 

were histologically and immunohistochemically indistinguishable from unmodified 

EMT6 tumors. 

Generation of cytotoxic activity in the draining lymph nodes of animals im

munized with EMT6asTGF-B tumor cells 

In order to detennine whether or not vaccination with EMT6 cells expressing 

antisense TGF-B enhances the generation of tumor-specific cytotoxic lymphocytes, 

inguinal lymph nodes from mice immunized with EMT6 cells, EMT6asTGF-R cells 

or EMT6 cells expressing IFN-y cells were isolated, stimulated in vitro and tested 

for lytic activity. The data show that all immunization protocols resulted in the devel

opment of lymphocytes with measureable cytolytic activity at an E : T ratio of 50:1 

(Figure 19). The degree of cytotoxic activity generated by lymphocytes derived 

from animals immunized with antisense TGF-B expressing tumor cells was not dif

ferent than that achieved by lymphocytes derived from EMT6 immunized mice (Fig

ure 19). Immunization with EMT6 cells expressing IFN-y enhanced the generation 

of cells with cytolytic activity (Figure 19). 



Figure 18. Immunohistochemical staining of tumor tissues. Balb/cJ mice were injected s.c. with EMT6 tu
mor cells (A, B, C) or EMT6asTGF-f31 cells (D, E, F). Eighteen days later, tumor sections were prepared and 
stained with anti-CD4 (A, D), anti-CD8 (B, E) and anti-macrophage (F4/80) (C, F) antibodies. Panels G and H 
represent tumor sections stained with isotype control antibodies lgG2a and lgG2b respectively. Magnification X 
200. 
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Figure 19. Cytotoxicity of draining lymph node lymphocytes from immunized mice. 
Draining lymph node lymphocytes from mice immunized with irradiated Et^T6 cells (•), 

EMT6asTGF-R cells (•) or EMT6 cells expressing IFN-7 (•) were stimulated in vitro and tested for 
their ability to lyse EMT6 cells in an 8 h s'Cr release assay. Points represent the mean +/- of tripli
cate samples. 
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CHAPTER 8 

DISCUSSION 

Transforming growth factor-R is produced by a variety of normal and 

malignant cells and has potent inhibitory effects on cells of the immune system 

(52, 53). Its production by genetically engineered or naturally occuring in situ 

tumors has been correlated with tumor progression and invasiveness (61-63, 67-

70, 114). These findings have fonned the basis for the belief that secretion of 

TGF-B is a strategy employed by tumor cells to incapacitate the immune system 

in order to facilitate tumor growth. 

The purpose of this study was to determine if inhibition of TGF-B produc

tion by mammary carcinoma cells eliminates tumor-mediated immunosuppres

sion and restores effective antitumor responses. The specific aims of this study 

were first, to establish that TGF-R is secreted by EMT6 mammary carcinoma 

cells and that the presence of this protein in tumor cell supematants results in the 

suppression of T lymphocyte cytolytic activity: second, to interrupt the production 

of TGF-3 by genetically modifying the tumor cells to produce an antisense TGF-B 

RNA transcript; and third, to evaluate the effect of this manipulation on the ability 

of EMT6 cells to form tumors. 

TGF-f3 expression by mammary tumor cells 

Expression of TGF-B by EMT6 cells was evaluated by RT-PCR using 

primers specific for each of three TGF-B isoforms. The finding that EMT6 cells 

express mRNA for TGF-B1, TGF-B2 and TGF-B3 corroborates and extends that 



71 

of McAdam et al. (115) who demonstrated that EMT6 tumors produce TGF-B1 

and TGF-B2. The identification of mRNA encoding all three isoforms of TGF-B in 

168 and 4T1 mammary tumor cells, is the first such report for these cell lines. 

Gene expression of TGF-B1 was correlated with fuctional protein secretion by 

EMT6, 168 and 4T1 cells. Whether or not TGF-B2 and -(33 proteins are also 

secreted by these tumor cells is not known at this time. 

Immunosuppressive activity of TGF-B 

To determine if TGF-B secreted by EMT6 tumor cells was immunosup

pressive, EMT6-derived supernatants were added to allogeneic MLTC in the 

presence or absence of pan-specific neutralizing anti-TGF-B antibody. The find

ings that CTL activity was significantly inhibited by tumor cell supernatant and 

that treatment of the supernatant with anti-TGF-B antibody abolished its suppres

sive activity confirmed that tumor-derived TGF-B prevented CTL development in 

these cultures. Similar experiments using isoform-specific anti-TGF-B antibodies 

further demonstrated that, in this model system, TGF-B1 is the isoform that 

mediates immunosuppression. In the recently described gliosarcoma model, 

TGF-B2 is produced and mediates immunosuppression (116-118). TGF-B2, like 

TGF-B 1 has been shown to suppress the development of LAK cells and both 

allospecific and tumor-specific CTLs (116, 119). 

Although mRNA encoding TGF-B1, -B2 and -B3 are expressed by EMT6 

cells, only TGF-B1 was shown to be functionally active. A likely explanation for 

this finding is that EMT6 cells do not translate or secrete TGF-B2 and -B3 

isoforms. There are numerous examples demonstrating that protein biosynthesis 

can be regulated post-transcnptionally (120-124). Of particular interest are the 
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findings of Romeo et al. (123) and Arrick et al. (124) who identified inhibitory 

sequences in the 5' untranslated regions (UTR) of TGF-31 and -63 mRNA re

spectively. The secondary structure of these regions is proposed to reduce trans

lation efficiency by interferring with the binding or scanning of 40S ribosomes 

(123, 125). A potential mechanism for regulating translation of TGF-B mRNA may 

be the use of alternative transcriptional start sites. Shortened transcripts de

scribed forTGF-RI (123) and TGF-R3 (124) lack the translational inhibitory 

regions previously described. Similar translational control regions and regulatory 

mechanisms are likely to exist forTGF-32 (124) since the 5' noncoding region of 

TGF-R2 mRNA Is homologous to that of TGF-B1 and -B3 (124). However, the 

molecular mechanisms responsible for specific isoform production and the bio

logical significance of differential isoform secretion by individual tumors remain 

largely unknown. 

Inhibition of TGF-Q production in antisense TGF-D expressing cells 

To determine if expression of the antisense TGF-3 transgene 

downregulated production of the TGF-B protein, supernatants from EMT6asTGF-

f3 subclones were evaluated by ELISA. Though all clones tested expressed less 

TGF-B than did unmodified EMT6 tumor cells, in no instance was TGF-B produc

tion completely abrogated. It was not unexpected that the transgene expressing 

clones varied in their degree of inhibition of TGF-B production nor that TGF-B 

production was not completely eliminated. Since retroviral vector insertion is 

random, the transgene in any given cell may be located near host regulatory 

elements that negatively influence expression. Moreover, similar findings have 

been reported by others who have attempted to reduce TGF-B production using 
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antisense TGF-3 plasmid vectors (96, 126) or antisense oligonucleotides (118). 

Fitzpatrick et al. (96) demonstrated a 27-66% inhibition of TGF-B production 

following expression of a zinc-inducible antisense TGF-B expression vector. 

Using constitutive expression vectors, Fakhrai et al. (117) and Wu et al. (126) 

reported 5 and 15 fold decreases in antisense TGF-3 expressing transductants 

respectively. In another report, administration of antisense TGF-B oligonucle

otides dimished but did not eliminate TGF-B protein production as determined by 

Western blot analysis (118). 

The antisense TGF-B-expressing clone selected for further study 

(clone12) was initially shown to secrete 75% less TGF-B than unmodified cells. 

When frozen aliquots of this clone were tested 1-2 years later, the data revealed 

a 48% decrease in TGF-B expression compared to mock transduced cells. The 

variation between TGF-B levels measured initially and those in later analyses 

may be due to technical modifications in supernatant collection. In later assays, 

the number of cells seeded was increased 10-fold and the incubation of cells in 

serum-free medium was begun after only 4 h of adherence rather than 24 h. It is 

possible that cell crowding may result in down regulation of TGF-B expression or 

that more than 4 h in serum supplemented medium is required for cells to be

come established and reach a maximal rate of TGF-B production. It is also pos

sible that expression of the antisense TGF-B transgene was downregulated over 

time as has been widely reported with other transgenes (127, 128). The mecha

nisms dictating decreased transgene expression in vitro and in vivo are not 

known. 
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Reduced immunosuppressive activity and decreased tumorigenicity of 

antisense TGF-B1 expressing EMT6 cells 

The finding that lymphocytes co-cultured with supernatants derived from 

EMT6 cells expressing antisense TGF-B were significantly more cytolytic than 

were counterpart lymphocytes cultured with mock transduced cell supematants 

indicates that reduction of TGF-R production by tumor cells restores T cell cy

tolytic activity in vitro. Interestingly, the degree of immune function restoration 

correlated with the percent reduction in TGF-B produced by the antisense TGF-3 

expressing cells, suggesting that a more profound reversal of immune suppres

sion could be achieved using transduced tumor cells in which the expression of 

TGF-3 is further diminished. These findings are similar to those of Jachimczak et 

al. (118) who demonstrated that preincubation of glioma cells with antisense 

TGF-3 oligonucleotides reduced their ability to inhibit the cytotoxic activity of 

peripheral blood mononuclear cells (118). These findings, in different tumor 

models, underscore the universality of TGF-3 induced immunosuppression and 

demonstrate that even moderate reduction in TGF-3 secretion by tumor cells can 

result in measureable restoration of immune function that may contribute to the 

elimination of disease in vivo. 

In vivo studies revealed that expression of the antisense TGF-31 

transgene significantly reduced the tumorigenic properties of EMT6 cells. In 

immunocompetent mice, antisense TGF-31 expression by the transduced tumor 

cells resulted in either complete inhibition of tumor growth or delayed emergence 

of tumors. The decreased tumorigenicity of antisense TGF-31 expressing cells 

was not due to a change in their proliferative potential in that the growth kinetics 

of EMT6asTGF-3 cells in vitro was identical to parental EMT6 and mock trans
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duced cells. 

The finding that antisense TGF-R gene expression by mammary carci

noma cells increases immunogenicity supports the report by Fakhrai et al. (117) 

in which blockage of TGF-B production by glioma cells significantly enhanced 

their immunotherapeutic potential. In this gliosarcoma model, immunization of 

rats with irradiated antisense TGF-3-modified 9L cells caused abrogation of 

established intracranial tumors (117). Our findings using a constitutive expression 

vector also support those of Fitzpatrick et al. (96) in which zinc-induced expres

sion of antisense TGF-B in malignant mesothelioma cells resulted in decreased 

tumorigenicity in vivo. They differ, however, from those of Wu et al. (126) who 

demonstrated that transfection of FET human colon carcinoma cells with an 

antisense TGF-3 expression vector resulted in increased tumorigenicity in nude 

mice. Unlike FET colon carcinoma cells, EMT6 mammary tumor cells are not 

negatively regulated by TGF-B in an autocrine fashion. This is a characteristic 

shared by several other TGF-B-producing tumor cells including colorectal carci

nomas other than FET cells (129), gastric cancers (131) and melanomas (130). 

Resistance to growth inhibition by TGF-B has been correlated with genetic 

changes in the TGF-B type II receptor gene and the absence of cell surface type 

II receptors on resistant tumor cells (131-133). 

Inhibition of antisense TGF-Q expressing tumors is mediated by T cells 

The finding that antisense TGF-B-expressing tumors grew at the same 

rate as mock transduced tumors in immunocompromised scid mice was indirect 

evidence that T cells mediated rejection of EMT6asTGF-B tumors in euthymic 

mice. These data also suggested that macrophages and NK cells do not contrib
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ute significantly to controlling the growth of antisense TGF-3-expressing tumors 

since sc/d animals possess functional macrophages and NK cells. The impor

tance of T lymphocytes in the antitumor response to EMT6asTGF-B cells was 

further supported by the demonstration of long term tumor immunity in mice that 

rejected the antisense TGF-B expressing cells. Acquisition of prolonged tumor 

immunity as a result of challenge with tumor cells expressing reduced levels of 

TGF-B has not been previously reported. Immunohistochemical analysis of EMT6 

and antisense TGF-6-expressing tumors revealed that both were infiltrated with 

approximately equivalent numbers of T lymphocytes and macrophages. Though 

not determined in this study, it would be of great interest to isolate TILs from both 

tumors and evaluate their cytolytic activity. It is possible that TILs isolated from 

antisense TGF-B-expressing tumors retain antitumor activity whereas those 

localizing within unmodified tumors may be suppressed. 

While antisense TGF-3 expression enhanced antitumor responses in vivo, 

a corresponding increase in CTL activity of lymph node-derived lymphocytes in 

mice immunized with these cells was not observed. This could be due to the 

number of cells (5x10® per injection) used to immunize the mice in this study. 

Even though TGF-B levels secreted by the modified EMT6 cells were significantly 

diminished, it is possible that a threshold level of TGF-B may exist past which 

immune responses are suppressed. Thus, while an effective antitumor response 

was generated in mice challenged with 10^^ antisense TGF-B-expressing tumor 

cells, immunization of these mice with a cell dose 500x greater may have re

pressed CTL activity. Immunization with fewer cells, and consequently less TGF-

B, may therefore more effectively stimulate CTL activity in our tumor system. 

In the gliosarcoma model, repeated immunization of rats with a low dose 
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of antisense TGF-3 transfected glioma cells (2.5 x 10^ cells, 4 immunizations, 2x 

weekly; personal communication) increased the in vitro lytic activity of lymph 

node effector cells 4-fold and eradicated established intracranial gliomas (117). 

These results have generated much excitement about the potential therapeutic 

use of antisense expressing tumor cell vaccines (117). However, it is important to 

note that significant differences in the intrinsic immunogenicity of gliosarcomas 

and other tumors like EMT6 are likely to exist. Glioma cells express defined 

tumor associated antigens (135, 136) as well as major histocompatibility complex 

class I and class II molecules (135). MHC class I and II expression by these 

tumors is likely to stimulate tumor-specific lymphocytes of both the T cytotoxic 

and T helper subpopulations. Further evidence of the innate immunogenicity of 

gliosarcomas is the demonstration of functional activity, albeit weak, of lympho

cytes infiltrating these tumors (135). In contrast, mostTlLs, including those recov

ered from EMT6 tumors, exhibit no cytolytic activity (42-44, 136). Additionally, 

EMT6 tumor cells express only class I MHC and thus cannot present antigen 

directly to T helper lymphocytes. Induction of antitumor responses against MHC 

class I positive, class II negative tumors like EMT6 may require the simultaneous 

expression of immune potentiating molecules like MHC class II (86) or cytokines 

like IFN-y (88-90, 137). Expression of MHC class II has been shown to signifi

cantly increase immunogenicity in a variety of tumors (86-90). In the EMT6 

model, Panelli et al. (90) demonstrated that transduction of EMT6 cells with the 

gene encoding IFN-y induced the expression of class II MHC antigens and in

creased EMT6 immunogenicity considerably. In this study, sixty-seven percent of 

mice immunized with IFN-y secreting EMT6 cells were protected from subse

quent challenge with unmodified tumor cells. The importance of IFN-y has been 
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further confirmed in the in vitro study described here in which lymphocytes de

rived from mice immunized with IFN-y modified EMT6 cells displayed enhanced 

cytolytic activity compared to those derived from mice immunized with either 

EMT6 or EMT6asTGF-3 cells. Concurrent elimination of immune suppression 

and expression of stimulatory cytokines would be expected to further potentiate 

anti-EMT6 tumor cell responses. 

Using the same EMT6 carcinoma model, McAdam et al. (115) have shown 

that the immunosuppressive effects of TGF-3 could be overridden by Interleukin-

2. They demonstrated that transfection of EMT6 ceils with the IL-2 gene caused 

tumor rejection and that, unlike tumor infiltrating lymphocytes from parental 

EMT6 tumors, TILs from IL-2 transfected tumor cells exhibited cytolytic activity 

against EMT6 cells in vitro. These observations led McAdam et al. to conclude 

that the amount of IL-2 secreted by transfected tumor cells (26 units/ml) was 

sufficient to overcome the suppressive effects of tumor-derived TGF-B (115). In 

contrast, Fakhrai et al. (117) reported that treatment of rats with glioma cells 

modified to express IL-2 (1015 BRMP/10® cells) did not enhance antitumor immu

nity. The discrepancy between these reports cannot be explained at this time. 

One implication of the finding of McAdam et al. (115). is that for those tumors that 

produce high amounts of TGF-B, increasing amounts of IL-2 may be required to 

reverse the Immunosuppressive effects of TGF-B. Increased levels of IL-2 may 

induce local or systemic toxicity. The antisense strategy described here, which 

effectively reduces TGF-B production, if used in combination with 

immunostimulatory cytokines such as IL-2 or IFN-y would be expected to induce 

a potent antitumor response with minimal toxicity. This approach would be espe

cially useful in designing tumor vaccines against TGF-B-producing tumors and for 
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in vitro activation of tumor-specific T lymphocytes for adoptive immunotherapy. 

Summary and Conclusion 

This study tested the hypothesis that inhibition of TGF-B1 secretion by 

murine EMT6 mammary carcinoma cells would reduce their ability to suppress 

immune function and decrease their tumorigenicity in vivo. Production of TGF-3 

by EMT6 cells was inhibited by the insertion of a retroviral vector encoding TGF-

31 cDNA in antisense orientation. 

The data revealed that expression of the antisense TGF-3 transgene 

reduced TGF-3 secretion by tumor cells and resulted in diminished capacity to 

suppress cytotoxic T cell responses in vitro . Furthermore, EMT6 cells expressing 

antisense TGF-3 demonstrated decreased tumor growth in vivo. The diminished 

tumorigenicity of the transgene expressing cells was not due to alterations in 

cellular growth potential since the growth kinetics of modified tumor cells in vitro 

and the development of EMT6asTGF-3 tumors in sc/d mice were unchanged 

compared to control tumors. Furthermore, the sc/d study results imply the in

volvement of lymphocytes in the elimination of antisense TGF-3 tumors in 

euthymic mice. A role forT cells in the rejection of EMT6asTGF-3 tumors was 

further supported by the demonstration of long term tumor immunity in immuno

competent mice that rejected Er\/IT6asTGF-3 tumors. Taken together, these 

results strongly support the conclusion that secretion of TGF-3 by malignant cells 

enhances tumor growth and that elimination of this immunosuppressive cytokine 

enables the generation of effective antitumor responses. Antisense TGF-3 ex

pressing tumor cells may thus prove useful in the development of anti-cancer 

vaccines. This gene-based approach of reversing immunosuppression, used in 
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combination witii immunopotentiating strategies, could generate antitumor im

mune responses capable of eradicating cancer. 
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APPENDIX A 

Buffers and Media 

Note; All components are per 1 Liter unless otherwise specified. 

alpha-10-Minimum Essential Medium fa-10-MEM) 

10.08 g MEM (Gibco BRL; Gaithersburg, MD) 

2.2 g NaHCOs (Fisher Scientific: Pittsburgh, PA) 

10 ml penicillin G/streptomycin sulfate 
(penicillin G: 5000 units/ml; streptomycin: 5000 jig/ml; Gibco BRL) 

100 ml Fetal Bovine Serum (FBS) (JRH Biosciences; Lenexa, KS) 

alpha-10-lscove's Modified Dulbecco's Medium (a-10-IMDM) 

17.67 g IMDM (JRH Biosciences) 

3.0 g NaHCOs 

10 ml penicillin G/streptomycin sulfate 

100 ml FBS 

alpha-10-LAK Medium (a-10-LAK) 

10.4g RPMI (Gibco BRL) 

2.0 g NaHC03 

12.0 mg sodium pyruvate (Sigma Chemical Co.; St.Louis, MO) 

1 ml 2-mercaptoethanol (5.5 x lO-^M, Gibco BRL) 

10 ml penicillin G/streptomycin 

100 ml FBS 

complete RPMI (cRPMH 

10.4 g RPMI 

2.0 g NaCOs 

1 ml 2-mercaptoethanoi 

10 ml penicillin G/streptomycin 

100 ml heat inactivated FBS (heat at 56°C, 30 min) 
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APPENDIX A - Continued 

Phosphate Buffered Saline fPBS) 

8.0 g NaCI (Sigma) 

0.2 g KCI (Fisher Scientific) 

0.2 g KH2PO4 (Fisher Scientific) 

1.15 g Na2HP04 (Fisher Scientific) 

Trypsin/EthylenediamineTetraacetate (EDTA) 

0.42 g EDTA, tetrasodium, dihydrate (Fisher Scientific) 

8.0 g NaCI 

0.4 g KCI 

I.0 g dextrose (Fisher Scientific) 

0.35 g NaHCOa 

0.5 ml phenol red (5 mg/ml solution) 

2.5 g porcine trypsin (1:250, JRH Biosciences) 

10X Saline GM 

II.0 g dextrose 

80.0 g NaCI 

4.0 g KCI 

1.55 g Na2HP04 

1.5 g KH2PO4 

10 ml phenol red stock (1.2 g phenol red, 0.4 g NaHC02) 

Solution VI 

15.4 g MgS04 (Fisher Scientific) 

1.6 g CaCl2 (Fisher Scientific) 

Saline G 

100 ml saline GM 10X stock 

10 ml solution VI 
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APPENDIX A - Continued 

Collagenase Solution (per 20 ml) 

4000 units collagenase, type IV (Worthington Biochemical Corp; Freehold, NJ) 

500 mg bovine serum albumin (BSA) (fraction V; Sigma) 

0.2 ml 2% DNase (Sigma) 

Dissolve with 20 mi cold Saline G 

PBS Azide BSA (PAB^ 

5.0 g BSA 

10 ml 10% sodium azide (Sigma) 

1LPBS 

10X TBE 

109.0 g tris base 

55.0 g boric acid 

40 ml 0.5 M EDTA, pH 8.0 

50X TAE 

242.0 g tris base 

57.1 ml glacial acetic acid 

100 ml 0.5 M EDTA, pH 8.0 

10X TNE 

12.1 g tris CI, pH 7.4 

5.8 g NaCI 

2 ml 0.5 M EDTA, pH 8.0 

Luria Broth (LB) (pH 7.0) 

10.0 g NaCI 

10.0 g tryptone 

5.0 g yeast extract 



APPENDIX A - Continued 

Loading buffer 

0.25% bromphenol blue (Sigma) 

0.25% xylene cyanol FF (Sigma) 

30% glycerol in water (Sigma) 

SOC Medium (250 ml) 

5.0 g tryptone 

1.25 g yeast extract 

0.15 g NaCI 

0.05 g KCI 

245 ml H2O, pH to 7.0 

Autoclave and add the following: 

2.5 ml 2 M Mg2+ solution (1 M MgS04, 1 M MgCl2) 

2.5 ml 2 M glucose 

Trypsin-EDTA 

0.4 g EDTA 

8.0 g NaCI 

0.4 g KCI 

1.0 g glucose 

0.35 g NaHCOa 

2.5 g porcine trypsin 1:250 (Difco Laboratories; Detroit, Ml) 

0.5 ml phenol red (5 mg/ml stock solution) 
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APPENDIX B 

Antibodies 

Antibody description Form Tyge Source 

Pan-specific Anti-TGF-3 unlabeled polyclonal: rabbit IgG R&D 

Ant -TGF-B1,-32,-33 unlabeled monoclonal: mouse IgGi Genzyme 

Ant -TGF-B2,-33 unlabeled monoclonal: mouse lgG2b Genzyme 

Ant -TGF-33 unlabeled polyclonal: goat IgG R&D 

Ant -mouse H-2Dd R-PE monoclonal mouse lgG2a Pharmingen 

Ant -mouse l-Ad FITC monoclonal mouse lgG2b Pharmingen 

Ant -TNP R-PE monoclonal mouse lgG2a Pharmingen 

Ant -TNP FITC monoclonal mouse lgG2b Pharmingen 

Ant -mouse CD3 unlabeled monoclonal hamster IgG Caltag 

Ant -mouse CD4 unlabeled monoclonal rat lgG2a Caltag 

Ant -mouse CDS unlabeled monoclonal rat lgG2a Caltag 

Ant -mouse macrophage unlabeled monoclonal rat lgG2b Caltag 

Ant -DNP unlabeled monoclonal rat lgG2a Caltag 

Ant -DNP unlabeled monoclonal rat lgG2b Caltag 

Ant -rat IgG Biotin polyclonal: rabbit IgG 
mouse adsorbed 

Vector 

Abbreviations: R-PE R-Phycoerythrin 

FITC Fluorescein isothiocyanate 

TNP Trinitrophenol 

DNP Dinitrophenol 



86 

APPENDIX C 

RNA Isolation 

Note: All reagents and labware must be RNAse free. 

Reagents; 

TRIzol Reagent (Total RNA Isolation Reagent) (GIBCO BRL) 

Chloroform 

Isopropyl alcohol 

75% Ethanol 

Procedure: 

1. Collect tumor cells and wash 2x with PBS. 

2. Add 1 ml TRIzol Reagent per 5 x lO^-IO^ cells, mix by tapping and incubate for 

5 min at room temperature. 

3. Add 200 |il of chloroform per 1 ml TRIzol, shake vigorously by hand for 15 s 

and let stand for 2 min at room temperature. 

4. Centrifuge sample at 12,000 x g for 10 min at 4°C. Transfer the aqueous layer 

to a clean tube. Save interface and organic phase if DNA isolation is desired 

(Appendix E). 

5. Precipitate RNA by adding at least 500 p.1 isopropyl alcohol per ml of TRIzol 

reagent used in step 2. Incubate at room temperature for 10 min. Centrifuge at 

12,000 x g for 5 min at 4oC. 

6. Discard supernatant and wash the RNA pellet with at least 1 ml of 75% etha

nol. Centrifuge at 7,500 x g for 5 min. Discard supernatant and air dry pellet 

briefly. 

7. Redissolve the RNA pellet with approximately 50 |ii RNase free water. To aid 

solubilization, heat for 10 min at 65oC. Quantitate RNA (Appendix F). 



APPENDIX C - Continued 

Removal of residual DNA 

1. To an RNase free microcentrifuge tube add the following: 

12 |j.g total RNA 

1 |il DNase 1 (2 units/|il) 

Bring volume to 10 |il with sterile water. 

2. Incubate for 30 min at 37°C. 

3. To stop the reaction, add 1 |il 20 mM EDTA and heat for 10 min at 65oC. 
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APPENDIX D 

cDNA Synthesis 

Note; This method Is derived from the instruction manual accompanying the 

cDNA Cycle Kit (Invitrogen). 

1. Add 5 [ig total RNA to a clean 0.5 ml microcentrifuge tube and increase the 

volume to 11.5 |il with RNase free water. 

2. Add 1|i! of random primers and incubate for 10 min at 65oC. followed by a 2 

min incubation at room temperature. Centrifuge briefly at maximum speed (ap

proximately 10 s) to collect the reaction mixture. 

3. Add the following to the reaction mixture: 

1 ^1 RNase inhibitor 

4 |il 5x RT buffer 

1 |il 100 mM dNTPs 

1 |il 80 mM sodium pyrophosphate 

0.5 (il reverse transcriptase 

4. Mix reaction by tapping, centrifuge briefly and incubate at 42oC for 1 h. 

5. Incubate mixture at 95°C for 2 min to denature RNA-cDNA hybrids, centrifuge 

at 15,000 X g briefly and place on ice. 

6. Repeat synthesis by adding 0.5 |il reverse transcriptase and incubating reac

tion mix for an additional hour. 

7. At the end of the second round of synthesis, heat reaction mixture to 95oC for 

3 min, centrifuge to collect sample and place on ice. The resulting cDNA may be 

stored at -20oC or used immediately in a PCR reaction. 
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APPENDIX E 

DNA Isolation 

Note: The DNA isolation protocol described here is derived from the instmction 

manual provided with the TRIzol Reagent and is to be used after RNA has been 

removed from the initial cell homogenate (Appendix C, steps 1-4). 

1. Completely remove any remnants of aqueous layer. Precipitate the DNA from 

the interface and organic phase by adding 0.3 ml of 100% ethanol per 1 ml of 

TRIzol reagent used initially. Mix sample by inversion and incubate at room 

temperature for 3 min. Pellet the DNA by centrifugation at 2,000 x g for 5 min at 

40c. 

2. Remove the supernatant and resuspend the DNA pellet in 1 ml of a solution 

containing 0.1 M sodium citrate in 10% ethanol. Incubate at room temperature for 

30 min with periodic mixing. Centrifuge at 2,000 x g for 5 min at 40C. 

3. Repeat step 2 for a total of 2 washes. 

4. Suspend the DNA pellet in 1.5 ml of 75% ethanol, incubate at room tempera

ture for 20 min and centrifuge at 2,000 x g for 5 min at 40C. 

5. Dry the DNA pellet and dissolve in 0.3 ml of 8 mM NaOH. Centrifuge at 12,000 

X g for 10 min. Transfer the DNA containing supernatant to a new tube. 

6. To precipitate the DNA, add 30 |il of 2 M sodium acetate and 750 ^il of 100% 

ethanol to the sample and incubate at -20oC overnight. 

7. Pellet the DNA by centrifugation at 15,000 x g for 15 min at 40C. Wash pellet 

once with 70% ethanol, dry and resuspend with 40 ^1 H2O. 
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APPENDIX F 

Nucleic Acid Quantification 

1. Dilute nucleic acid with water (a dilution of either 1:50 or 1:100 is usually 

required). 

2. Measure the absorbance of the sample(s) at a wavelength of 260 nm using a 

spectrophotonneter (DU Series 64, Beckman Instruments Inc., Fullerton, CA). 

Background correction is made by subtracting the absorbance of water. 

3. Calculate nucleic acid concentration as follows: 

Constants: 

A260 measurement of 1.0 = 50 {ig/ml of double stranded DNA 

= 40 |j.g/ml of single stranded RNA 

Equations: 

DNA (|ig/ml) = (A260) X (50 |ig/mi) x (dilution factor) 

RNA (iig/ml) = (A260) X (40 ^g/ml) x (dilution factor) 
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APPENDIX G 

PGR primers 

Histone 

sense 

antisense 

TGF-B1 

sense 

antisense 

TGF-B2 

sense 

antisense 

TGF-B3 

sense 

antisense 

LXSN 

sense 

antisense 

5'-CCACTGAACTTCTGATTCGC-3' 

5'-GCGTGCTAGCTGGATGTCTT-3' 

5'-GACCGCAACAACGCCATCTA-3' 

5'-GGCGTATCAGTGGGGGTCAG-3' 

5'-GGAAAGCCAGGACACGAAAATCACG-3' 

5'-AGCAATACAGAGGAACCAGGAGAGG-3' 

5'-TGTGGGTTGGTTAGGGGAAGG-3' 

5'-TGCTGATCGAGGTGAAAAGAC-3' 

5"-CGCCTCCTCTTCCTCCATCC-3' 

5'-GGAGCCTGGGGACTTTC-3' 

Position 

281-300 

476-495 

695-714 

911-930 

9-33 

425-449 

189-209 

533-553 

1539-1558 

1696-1712 

These printers amplify a 215 bp histone fragment and 236 bp, 441 bp and 

365 bp TGF-31, -B2, -33 fragments respectively. To detect the antisense TGF-R 

transgene by PGR and RT-PCR, the antisense TGF-B1 primer was used in 

combination with the LXSN-specific antisense primer to yield a 999 bp antisense 

TGF-B product. Expression of a transgene containing TGF-R in sense orientation 

was detected by amplification of a 1027 bp using the sense LXSN and antisense 

TGF-3 primer pair. 
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APPENDIX H 

Splenocyte Isolation 

Reagents: 
Red Blood Cell Lysis Buffer; 

Stock solutions: 0.16 M NH4CI 

0.17MTris, pH 7.65 

8.3 g NH4CI 

20.6 g Tris base 

Working solution: 

Mix 90 ml of 0.16 M NH4CI with 10 ml of 0.17 M Tris; adjust to pH 7.2 with 

HCI. 

Procedure: 

1. Sacrifice mouse and remove spleen. Place spleen in a 60 x 15 mm tissue 

culture dish containing 5 ml cRPMI (Appendix A). 

2. Press spleen gently with blunt end of a syringe plunger to release splenocytes. 

3. To eliminate debris, filter splenocytes through a 140 |im mesh. Centrifuge at 

200 X g for 5 min to pellet cells. 

4. Gently resuspend cell pellet by tapping. To eliminate contaminating red blood 

cells, add 6 ml red blood cell lysis buffer (Appendix A) and mix gently for 1 min. 

Immediately bring volume to 15 ml with cRPMI and centrifuge at 200 x g for 5 

min. 

5. Discard supernatant and wash once more with cRPMI. Count cells. 
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APPENDIX I 

Tumor Cell Membrane Preparation 

Note: Keep reagents and membrane containing supematants on ice at all times. 

Procedure: 

1. Collect cells and count. Wash cells 3x with PBS. Centrifuge for 10 min at 100 x 

g, 40C. 

2. Resuspend cell pellet in 15 ml cold lysis buffer, transfer to a Dounce homog-

enizer and homogenize (15 strokes). Centrifuge at 3000 x g for 5 min at 40C. 

3. Save supernatant. Rehomogenize remaining pellet as described in step 2. 

Collect supernatant and repeat homogenization of pellet for a total of three ho-

mogenization steps. 

4. Pool the supernatant from each homogenization and centrifuge at 38,720 x g 

(18000 rpm Son/all SS-34 rotor) for 20 min at 4°C. 

6. Resuspend pellet in small volume of PBS (1-4 ml). 

Abbreviations: 
EDTA ethylenediaminetetraacetic acid 

EGTA ethyleneglycol-bis-N,N,N',N'-tetraacetic acid 

DFP Diisopropylethylamine 

Solutions: 

Lysis buffer (pH 8.0): 5 mM Na2HP04 

5 mM NaH2P04 

gZL 
0.71 

0.60 

0.37 

0.38 

20 ml 

1 mM EDTA 

1 mM EGTA 

1 mM DFP 



APPENDIX J 

Plasmids and Vectors 

a) pSP65 (P1101: Promega; Madison Wl) 

•iarti 2229 
::SOl 2U1 

fmni 1906 I 
:)C3 I 1787 

2763 / ^Aj\ 1677 t Start 
ccofl I -mn 

pSP6$ 
Vector 
jOOSboi 

sot :529 
SamH I 

Sqi\ 1^27 -

-/nc u 
Pwil Mine III 

b) pGEM-T vector (A3600; Promega; Madison Wl) 

Kmn I 1994 
caI'075 

pGEM*-T 
Vector. 

3 C Z \  

1 I 1 1 ' start 
' 40a i 4arii • :o 
SoflJ 26 
vcoi 37 
Sdcii 46 

c) LXSN retroviral vector 

LXSN csS-
NEO , 5; 

rrmH 

EcoRI Hpal Xhol BwnHI 
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APPENDIX K 

Qiaex DNA Purification Protocol 

Reagents supplied in QIAEX Gel Extraction Kit #20020 (Qiagen) 

Procedure: 

1. Excise the gel slice containing the DNA fragment you wish to purify and trans

fer it to a 1.5 ml tube. Add 300 ^il of solution QX1 per 100 mg of gel. 

2. Resuspend QIAEX solution by vortexing for 1 min then add 10 nl to tube. Mix 

and incubate at 50oC for 10 min. Vortex every 2 min to keep QIAEX in suspen

sion. 

3. Centrifuge for 30 s at 15.000 x g. Remove supernatant carefully using a pipet. 

4. Wash the pellet 2x with 500 |il of solution QX2 followed by two washes with 

solution QX3. 

5. Discard supernatant and air dry pellet for 10-15 min. 

6. Resuspend pellet with 10 |il of HgO and incubate at room temperature for 10 

min to eiute the DNA from QIAEX. 

7. Centrifuge at 15,000 x g for 30 s and transfer the supernatant to a new tube. 

8. Repeat step 7. Combine eluates. 
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APPENDIX L 

Large Scale Plasmid Isolation 

Solutions: 

P1: 50mMTris-HCI 

10 mM EDTA 

per 100 ml 
0.79 g 

2 ml 0.5 M EDTA (pH 8.0) 

P2; * prepare fresh each time 

0.2 M NaOH 

1% SDS 

per 10 ml 

2 ml 1 M NaOH 

0.1 g SDS 

P3: 2.55 M Potassium Acetate (pH 4.8) 

Procedure: 
1. Inoculate 100 ml LB containing 50 |xg/ml ampicillin with bacterial culture. Incu

bate overnight at 37oC with vigorous shaking. 

2. Centrifuge ceils in 50 ml tubes for 15 min at maximum speed (approx. 3000 x 

g). Discard supernatant. 

3. Resuspend cells in 10 ml solution P1, vortex to mix. 

4. Add 10 ml of fresh P2 to tube and mix gently by inverting lOx until clear. Incu

bate at room temperature for 5 min. 

5. Add 10 ml of P3 to solution and mix by inverting 3x. Place on ice for 10 min. 

The flocculent white precipitate that appears consists of chromosomal DNA, high 

molecular weight RNA and K/SDS/protein/membrane complexes. 

6. Centrifuge for 5 min at 3000 rpm. Filter supernatant through nylon wool into a 

clean centrifuge tube. 
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APPENDIX L - Continued 

7. Precipitate DNA by adding an equal volume of isopropanol to the tube. Mix 

well and centrifuge at 3000 x g for 15 min. 

8. Rinse pellet with 100% ethanol, centrifuge 5 min at 3000 x g, discard superna

tant and dry pellet. 

9. Resuspend pellet with 2 ml H2O and transfer samples to microcentrifuge 

tubes. 

10. Heat samples at 65°C for 5 min., centrifuge at 15,000 x g for 5 min. Save 

supernatant. 

11. Add 10 |il RNase to each tube. Incubate 6 h to overnight at 37°C. 

12. Divide sample into 4 microcentrifuge tubes and add an equal volume of 

phenol/chloroform to each tube. Vortex and centrifuge at 15,000 x g for 8 min. 

13. Collect aqueous layer. Precipitate DNA by adding an equal volume of isopro

panol to the tube. Centrifuge for 15 min, 15,000 x g. 

14. Wash DNA pellet with 70% ethanol followed by 100% ethanol. Dry pellet and 

resuspend with H2O. 
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APPENDIX M 

Sequencing Protocol 

Reagents: 

Sequencing buffer (5x): 200 mM tris-HCI, pH 7.5 

100 mM MgCIa 

250 mM NaCl 
250 |iM cresol red (Aldrich Chemical Co., 

Milwaukee, Wl) 

Stop buffer; 98% formamlde (Sigma) 

10mM EDTA, pH 8.0 

0.025% bromphenol ble 

0.025% xylene cyanol FF 

N,N,N',N'-tetramethylethyienediamine (TEMED) (Sigma) 

Sequenase Version 2.0 DNA Sequencing Kit (USB) 

Procedure: 

1. Mix together 1 |ig DNA, 1 |il (20 ng/|il) primer and 1 |il 0.5 M NaOH in a total 

volume of 7 |il. Heat mixture to 65oC for 45 s then cool slowly to 30°C to anneal 

primer to DNA. 

2. While the DNA is cooling, fill and cap 1.5 ml microcentrifuge tubes with the 

termination mixtures. For each sequencing reaction, set up 1 tube of ddGTP, 1 

tube of ddATP, 1 tube of ddTTP and 1 tube of ddCTP. 

3. Dilute the sequenase enzyme in TE (1 nl enzyme + 7 |il TE) and keep on ice. 

4. Pre-warm the termination tubes to 37°C. 

5. To the annealed DNA mixture add: 1 |il 0.5 M HCI, 2 |il sequencing buffer, 4 |il 

Sequetide ([^^SJdATP, NEN). This constitutes the labeling reaction. 
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APPENDIX M - Continued 

6. Transfer 3.5 p.! of the labeling reaction to each termination tube and incubate 

for 5 min at 37°C. 

7. Stop the reactions by adding 4 (il of stop solution. 

8. Heat samples to 75°C for 2 min immediately before loading the sequencing 

gel. 

9. Load 3.5 |il sequencing reaction per each lane in the gel. Fill with 0.6x TBE 

running buffer and run gel at 64 Watts for 2.5 h (short run) and 3 h 45min for the 

long run. 

10. Transfer the gel to 3MM paper (Intermountain Scientific, Bountiful, UT) and 

dry under vacuum (Model 583 gel dryer, Biorad Laboratories, Inc., Hercules, CA). 

11. Load the dried gel into a cassette with autoradiographic film and expose the 

film overnight. Develop film the next day (M35A X-OMAT Processor, Kodak). 

Preparation of sequencing gel: 

1. Mix together 31.5 g urea (USB), 18 ml 5x TBE, 22.5 ml H2O and 7.5 ml Lone 

Ranger acrylamide solution (Ultrapure Reagent, JT Baker lnc.,Phillipsburg, NJ). 

Stir until dissolved. 

2. Add 375 |il of 10% ammonium persulfate (made fresh) and 37.5 fil TEMED. 

Quickly mix thoroughly and pour into an IBI sequencing gel apparatus (Eastman 

Kodak Imaging Systems, New Haven, CT). Allow to polymerize for at least 30 

min. 
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APPENDIX N 

Polyacrylamide Gel Electrophoresis 

Gel preparation: 

1. Assemble clean plates and spacers (0.75 mm) in gel caster (SE 275 Mighty 

Small Four-gel caster; Hoefer Sci.; San Franscisco, CA). 

2. In a beaker, mix together: 

28.8 g ultrapure urea (#9902, Ambion) 

6 ml 10x TBE (Appendix A) 

7.6 ml 40% Acrylamide (acrylamide:bis acrylamide = 19:1) 

(#9022, Ambion) 

dH20 to 60 ml (enough for four 8 x 7cm gels) 

3. Stir at room temperature until urea has dissoved then add water to a final 

volume of 60 ml. 

4. Add 480 |il 10% ammonium persulfate (made fresh) and 64 pil TEMED. Stir 

briefly and pour gel immediately into gel caster. Insert comb and carefully dis

lodge any air bubbles that may become trapped in the wells. 

5. Allow gel to solidify for at least 30 min. 

Electrophoresis: 
1. After gels have polymerized, disassemble caster, remove combs, rinse wells to 

remove excess unpolymerized acrylamide and clamp individual gels into the 

electrophoresis chamber (SE250 flighty Small 11; Hoefer). 

2. Fill upper and lower buffer chambers with cold 1x TBE. Add samples to the 

sample wells. 

3. Place the safety lid on the unit, connect leads to a power supply and electro-

phorese at 100 volts with cooling at 4oC for approximately 1 h or until lower dye 

front runs off the gel. 
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APPENDIX O 

Biodetection Protocol 

Note: This procedure was derived from the manual accompanying the BrightStar 

BioDetect Nonisotopic Detection kit (#1925, Ambion). The composition of the 

reagents provided in the kit is proprietary information. 

1. Immobilize nucleic acids on positively charged membrane by exposing the 

membrane to 120 millijoules of UV light. 

2. Wash membrane 2x for 5-10 min with 100 ml wash buffer. 

3. Wash membrane 2x for 5 min and once for 30 min with 50 ml of blocking 

buffer. 

4. Mix together 10 ml of blocking buffer and 1 |il of strepavidin-alkaline phos

phatase conjugate by inverting gently. Incubate membrane in this solution for 30 

min. 

5. Wash membrane for 10 min in 50 ml blocking buffer followed by three 5 min 

washes with 100 ml wash buffer and two 2 min washes in 50 ml assay buffer. 

6. Incubate membrane in 5 ml of chemiluminescent reagent CDP-Star for 5 min, 

making sure that the membrane is evenly covered throughout. 

7. Drain excess chemiluminescent reagent, wrap membrane in saran wrap and 

expose film. It takes 2-4 h for the chemiluminescent reagent to reach peak light 

emission which then persists for several days. 
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APPENDIX P 

Tumor Disaggregation Protocol 

Materials: dissecting tray 

sterile forceps 

sterile scissors 

small sterile beakers 

sterile 125 spinner culture flask 

Reagents: Collagenase digestion solution (Appendix A) 

Procedure: 

1. Sacrifice animals and remove tumor. Place in sterile beaker containing 5-10 ml 

of digestion mixture. 

2. Mince tumor with sterile scissors immediately. 

3. Transfer minced tumor to spinner culture flask using a sterile 25 ml pipette. 

Rinse beaker with approximately 5 ml digestion mixture (total volume digestion 

mixture in spinner flask, per tumor = 10-15 ml). 

4. Incubate spinner culture flask at 37°C at very low speed for 1-2 h for tumor 

disaggregation to occur. 

5. Following disaggregation, filter tumor mixture sequentially through a 380 |im 

mesh and a 140 |im mesh. 

6. Wash filtered tumor mixture 2x with cRPMI (Appendix A). Centrifuge 5-10 min 

at 200 x g after each wash. 
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APPENDIX Q 

Cytospin Protocol 

Note: The Cytospin 3 Cytocentrifuge (74000003; Shandon, Inc.; Pittsburg, PA) 

uses centrifugal force to deposit cells onto a microscope slide. The suspension 

medium is simultaneously absorbed by a filter paper blotter. The process results 

in a monolayer of cells grouped within a 6 mm area on a microscope slide. 

1. Assemble the slide clip, slide, filter card and sample chamber according to the 

manufacturers instructions. 

2. Suspend ceils at a concentration of 10® cells/ml in tissue culture medium. To 

the sample chamber add 100 |il of the cell suspension (10^ cells) and 50 fil of 

FBS. 

3. Load the Cytospin 3 and centrifuge at 1000 rpm for 5 min. 

4. Disassemble sample cartridge, being careful not to brush the filter card across 

the cell monolayer. 

5. Allow slides to air dry. Fix in methanol for 5 s. Proceed with staining 

protocol(s). 
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