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ABSTRACT 

The cellular infiltration of solid tumors is indicative of an immune response to 

cancerous growths. Unfortunately, most tumors grow progressively despite this 

infiltration. Therefore, the infiltrate from a regressing tumor is necessary in order to 

examine the requirements for tumor rejection. Due to the rarity of tumor rejection, 

elucidating the requirements is difficult without an animal model. The sponge model of 

concomitant tumor immunity allowed the examination of the components associated with 

tumor rejection. 

In the model of concomitant tumor immunity an animal is given a primary tumor 

followed by a secondary tumor challenge. Despite the progression of the primary tumor, 

the secondary tumor challenge is rejected. In this model the secondary tumor challenge is 

delivered into a preimplanted gelatin sponge matrix which can be retrieved in order to 

capture the components associated with tumor rejection. Retrieval of both the primary 

progressing tumor and the gelatin sponge allowed a direct comparison of the factors 

associated with tumor progression and rejection. 

Using this model, we have examined the progressing and rejected tumor sites for 

differences in T cell cytotoxicity, V beta T cell receptor usage, and the expression of 

cytokine genes and signal transducing proteins. The results from this study demonstrated 

that the T cells isolated from progressing tumor sites were not cytolytic, whereas the T 

cells from the rejection sites showed significant cytolysis towards the autologous tumor 
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cells in vitro. Surprisingly, the T cell infiltration into the progressing and rejected tumor 

sites were similar with V beta 1 and V beta 8 T cell receptor bearing T cells predominating 

at both locations. The T cell response also showed clonal restriction upon examination of 

the complementarity determining region 3 (CDR3) of the T cell receptor. Significantly, 

the rejection site showed higher gene expression levels of IFN-y, TNF-a, IL-2, IL-4, 

IL-10, and IL-12 and reduced TGF-p gene expression compared to the progressing tumor 

site. Finally, although the T cells from the progressing tumor site showed an altered 

pattern of tyrosine phosphorylation, the signaling molecules p59'^", and CD3 ^ were 

expressed at comparable levels in the T cells from both sites. These data strongly suggest 

that the tumor microenvironment may play a major role in orchestrating an anti-tumor 

immune response. 
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CHAPTER 1 

EVTRODUCnON 

Literature Review 

The development of successful therapies for treating cancer patients has encountered 

significant problems due to the multifactorial nature of the disease. The three most 

widely used therapies, chemotherapy, radiation, and surgery approach the disease 

aggressively and often nonspecifically. Consequently, damage to healthy organs and 

tissues often ensues. The advancement of immunotherapy in recent decades has taken a 

more specific approach to fighting cancer. Immunotherapy relies on the use of immune 

components to fight the disease and includes treatments such as antibodies against tumor 

specific antigens (1), delivery of immunostimulatory cytokines (2), and adoptive 

immunotherapy (3). 

Immunotherapy relies on the immunogenicity of tumor cells. Highly immunogenic 

tumors possess a low tumorigenic potential. Likewise, non-immunogenic tumors possess 

a high tumorigenic potential. Immunogemc tumors typically arise by cellular 

transformation due to viral products or chemical carcinogens (4). The immunogenicity of 

these tumors is a result of expression of viral proteins on the cell surface or altered self 

proteins which elicit an immune response. Non-immunogenic tumors often arise 

spontaneously and possess no foreign or altered self antigens capable of eliciting an 

immune response (5). However, modem molecular biotechniques have fostered the 
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identification of antigens on non-immunogenic tumor cells and demonstrated that they are 

capable of eliciting an anti-tumor immune response (6). Consequently, the identification 

of tumor associated antigens has facilitated the cloning of cytolytic T lymphocytes 

(CTLs) which are capable of recognizing immunogenic as well as non-immunogenic 

tumors. 

Specificity of the CTL anti-tumor immune response has been reported in vitro (7) and 

in vivo (8). Barth et al. (7) reported the generation of CTLs in vitro, in the presence of 

IL-2, which specifically lyse autologous tumor cells. Spiess et al. (8) have reported that 

tumor specific CTLs propagated in vitro in the presence of IL-2 are effective, in vivo, in 

mediating an anti-tumor immune response. Analysis of the T cell receptor (TCR) a and 

P chains has strengthened the idea that T cells respond, in a specific manner, to tumor 

cells. Recently, Sensi and Parmiani (9) have reviewed the literature examining the TCR 

Va, vp and CDR3 usage and concluded that there is a restricted T cell response directed 

towards tumors. Significantly, this restriction is not only dependent upon the type of 

tumor but also the HL A type of the individual (9). Although there has been no 

comprehensive review of the literature examining Va, Vp and CDR3 usage in response to 

murine tumors, a restricted TCR response has been reported against murine tumors (10, 

11). These studies have emphasized the importance and necessity of an anti-tumor T cell 

response. 
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Despite the ability to identify T cells which are capable of mounting an anti-tumor 

immune response, tumors often escape immune surveillance. Tumor cell escape, from the 

immune system, has been attributed, in some cases, to a decrease in the costimulatory 

molecule B7 or a decrease in MHC I or II expression on the tumor cells (12, 13, 14). An 

absence or a decrease in the expression of these molecules may result in a lack of immune 

stimulation. Chen et al. (12) have reported that tumor cells transfected with B7-1 induced 

an immune response sufficient to reject immunogenic tumors in vivo. Ostrand-Rosenberg 

et al. (13) have reported that immunization of mice with tumor cells transfected with 

MHC II cDNA protected the mice from future challenge with unmodified tumor cells. 

Additionally, CFN-y transfection, which increases MHC expression, has proven sufficient 

for eliciting an anti-tumor immune response (14,15, 16). These studies suggested that 

tumor cells may lose immunogenicity by the loss of immune recognition molecules. 

The delivery of immune enhancing cytokines, such as IL-2, has also proven successful 

in treating cancer patients (2). Rosenberg et al. (2) have investigated the use of IL-2 in 

treating cancer patients and observed favorable responses in 20-35 % of the patients. The 

success had been attributed to an increased anti-tumor CTL response. An alternative 

approach to enhancing the anti-tumor T cell response has focused on cytokine transfected 

tumor cells. This approach has successfully made use of cytokines which increase the T 

helper 1 cells (IL-2, IL-12,IFN-Y, 14, 17,18) and T helper 2 cells (IL-4, IL-6, IL-10, 19, 

20,21) indicating that an anti-tumor immune response may involve the interaction of 
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cellular and humoral immune components. Finally, adoptive immunotherapy has shown 

the necessity for T cell stimulation in order to elicit an anti-tumor immune response. 

Rosenberg et al. (2) and Kradin et al. (3) have reported that lymphokine activated T cells 

and tumor infiltrating lymphocytes (TILs) activated and propagated in vitro may 

effectively mediate anti-tumor immune responses in vivo. Overall, these studies support 

the necessity for T cell stimulation in developing an effective anti-tumor immune 

response. 

Although these studies have successfully demonstrated anti-tumor immune responses, 

they all required procedures to boost the immune system in order to elicit an effective 

response. The implication is that, in vivo, the cells lack adequate effector function to 

eliminate the tumor, and the effector function is recovered following in vitro stimulation. 

A study of T cells mediating in vivo tumor rejection would facilitate the investigation of 

the mechanisms involved in tumor rejection. Unfortunately, due to the rarity of 

spontaneous tumor rejection there has been only one study to date which has investigated 

the anti-tumor response directed towards a spontaneously regressing tumor (22). In that 

study, Ferradini et al. (22) obtained a sample fi"om a spontaneously regressing human 

melanoma and examined the Vp TCR usage and the clonality of the T cell response. 

Although the study revealed a clonal T cell response with Vp 16 TCR bearing T cells 

predominating the anti-tumor response they were not able to examine a similar 

progressing melanoma from the same patient in order to determine if a shift in the T cell 
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response was necessary for tumor rejection to ensue. In order to obtain this type of 

information a tumor rejection model was necessary which would allow the simultaneous 

examination of progressing and regressing tumors in the same individual. An animal model 

fulfilling this requirement of tumor rejection was reported by Paul Ehrlich in 1906 (23). 

In this model, an animal is given a primary tumor and resists a secondary tumor challenge. 

This rejection model was termed concomitant tumor irtmiunity by Fisher et al. in 1970 

(24), and served as an important model for investigating the requirements and specificities 

of tumor rejection. This model has been successful with both highly immunogenic and 

non-immunogenic timiors and has been shown to function in mice, rats, hamsters, and 

humans (reviewed by Gorelik, 25). However, a major drawback in concomitant tumor 

immunity is the fact that upon successful rejection of the secondary tumor challenge the 

cells and soluble factors responsible for the rejection can no longer be recovered. In 1988 

Akporiaye et al. (26) employed a gelatin sponge model of tumor implantation to capture 

cells responsible for the rejection of the secondary tumor implant during the manifestation 

of concomitant tumor immunity. In this model, a gelatin sponge was implanted 

subcutaneously in the dorsal surface of a mouse bearing a primary progressing tumor. 

The secondary tumor inoculum was then injected into the sponge at a specific challenge 

time interval (26). One week later, the primary progressing tumor and the sponge 

harboring the cells and soluble factors necessary for the secondary tumor rejection were 
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collected. This system allowed a direct comparison of the responses directed towards 

progressing and rejected tumors in the same animal (27). 

Specific Aims 

The specific aims of this study were: 

1) To compare the cytotoxicity of TILs and TRLs using the sponge model of 

concomitant tumor iirmiunity. 

2) To investigate the Vp TCR repertoire and clonality of TILs and TRLs. 

3) To examine the signaling molecules involved in the activation of TILs and TRLs. 

4) To compare cytokine gene expression at progressing and rejected tumor sites. 

The data showed that T cells from progressing tumors were not cytolytic in vitro 

against autologous EMT6 tumor cells, whereas T cells from rejection sites showed 

significant cytolysis. The T cell infiltration of progressing and rejected tumor sites were 

similar with Vp 1 and Vp 8 T cell receptor bearing T cells predominating the anti-tumor 

immune responses. Complementarity determining region 3 (CDR3) analysis revealed that 

this T cell response was oligoclonal, and the T cells firom progressing and rejected tumor 

sites showed comparable protein expression of p59^" and CD3 Yet, the T cells from 

the progressing timior site showed a hypophosphorylated tyrosine pattern. Finally, the 

tumor rejection site showed greater gene expression levels of IL-2, IL-4, IL-10, IL-12, 

IFN-Y, and TNF-a and a reduced gene expression of TGF-p compared to the progressing 

tumor site. 
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This study has shown that the majority of T cells infiltrating progressing and rejected 

tumors are the same. The altered tyrosine phosphorylation observed in the T cells 

infiltrating the progressing tumor, and the lower level of gene expression of the immune 

enhancing cytokines, IL-2, IL-4, IL-10, IL-12, EFN-y, and TNF-a compared to the 

increased expression of the immunosuppressive cytokine, TGF-p, may explain their lack 

of cytotoxicity. We conclude from these studies that the tumor microenvironment, 

through lack of cytokine gene expression, plays a significant role in determining the fate of 

a tumor implant. 
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CHAPTER 2 

MATERIALS AND METHODS 

Mice. 

Six to eight week old female BALB/c mice were obtained from the Jackson Laboratory 

(Bar Harbor, Maine). Six to eight week old female C57BL/6 mice were obtained from the 

Simonsen Laboratory (Gilroy, CA). The mice were housed in the University of Arizona 

animal facility and fed ad libitum. 

Cell lines. 

The EMT6 tumor cell line was derived from an early passage of the KHJJ line that was 

derived from a spontaneous mammary carcinoma in a BALB/c mouse, and was kindly 

provided by Dr. Sara Rockwell, New Haven, CT. The 168 tumor cell line was derived 

from a murine mammary carcinoma in a BALB/cfC3H mouse and was kindly provided by 

Dr. Fred Miller of the Michigan Cancer Foundation, Detroit MI. The B16-F10 cell line is 

a poorly immunogenic murine melanoma and was kindly provided by Dr. Mary Hendrix, 

St.Louis, MO. All tumor cell lines were routinely passaged in vivo in syngeneic animals. 

The tumors were disaggregated and cryopreserved at -70 °C. Cells were thawed and 

propagated in vitro in alpha-10-Minimal Essential Media (a-lO-MEM, see Appendix A 

for composition) for EMT6 and B16, and a-lO-Waymouth's (see Appendix A for 

composition) for 168 tumor cells for a limited time before use. YAC-1 cells are a natural 
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killer (NK) cell sensitive target derived from a murine lymphoma cell line induced by the 

Moloney Leukemia virus in a newborn A/Sn mouse. YAC-I cells were maintained in 

complete RPMI (cRPMI, see Appendix A for composition). 

Preparation of Gelatin Sponges. 

Gelatin sponges (Upjohn, Kalamazoo, MI) were placed into a tissue culture dish (150 

mm X 25 mm. Falcon 3025, Becton Dickinson Labware, Lincoln Park, NJ) and sliced into 

10 mm X 10 mm x 10 mm sections using a sterile scalpel blade. Sterile phosphate buffered 

saline (PBS, see Appendix A for composition) was then added and the air was pushed out 

of the sponges using the blunt end of a syringe plunger. The sponges were stored at 4 °C. 

Tumor Injection and Sponge Implantation. 

Mice were injected subcutaneously (s.c.) on the right flank with 1x10' viable EMT6 

(BALB/c mice), 2x10' 168 (BALB/c mice), or 1x10' B16 (C57BL/6 mice) cells in 0.1 ml 

sterile PBS. Five (168, B16) or eight (EMT6) days later the animals were anesthetized 

with pentobarbital (60 mg/kg body weight) and two 10 mm x 10 mm x 10 mm sterile 

gelatin sponges (Upjohn) were implanted s.c. in the upper and lower dorsal regions. Two 

days following implantation, the sponges were injected with 1x10' EMT6, 2x10' 168, or 

1x10' B16 tumor cells accordingly. This injection schedule was based on previous 

published reports (26,28,29) which demonstrated the acquisition of concomitant tumor 

immunity at these times. 
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Enrichment of T lymphocytes by Elutriation. 

On day 17 after injection of the primary tumor, animals were sacrificed by cervical 

dislocation. Sponges and tumors were removed, diced, and digested in a collagenase 

cocktail containing; 25 ml saline G (see Appendix A for composition), 200 Units/ml 

collagenase Class IV (Worthington Biochemical Corp., Freehold, NJ), I % DNase I 

(Boehringer Mannheim Biochemicals, Indianapolis, IN), and 500 mg bovine serum 

albumin (fraction V; Sigma, St. Louis, MO) for 2 hours in spinner culture flasks (Bellco, 

Vineland, NJ). The resulting cell suspensions were filtered through 140 ^m wire screens 

(Cooper Biomedical Inc., Malvern, PA) and washed with a-10-3-[N-morpholino]propane 

sulfonic acid buffered MEM (a-lO-MOPS, see Appendix A for composition). Cells 

from sponges and tumors were enriched for lymphocytes by centrifugal elutriation (model 

J-6 M elutriation centrifuge, JE-6B rotor; Beckman Instruments, Palo Alto, CA) as 

g 

previously described (30). The cell suspensions were adjusted to IxIO cells in 5 ml a-2-

MOPS and injected into the separation chamber. All samples were collected at a flow 

rate of 30 ml/min at 4 °C. Four 50 ml aliquots were collected at 1980 x g. The speed was 

decreased to 1700 x g for collection of fractions 5-7, followed by a reduction to 1490 x g 

to collect fractions 8-10. All remaining cells were eluted in a final fraction collected at 0 x 

g. The Auctions were placed on ice immediately following elutriation, and pelleted by 

centrifugation at 200 x g for 10 min. Fractions 2-10 were pooled for further purification. 
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Approximately 4x10^ elutriated cells in a volume of 20 ml were plated on tissue culture 

dishes (150 mm x 25 mm. Falcon 3025, Becton Dickinson) and incubated for 1 hour at 

37 °C to deplete adherent macrophages. Non-adherent cells were collected by aspiration 

of the media. The plates were rinsed I x with 10 ml of cRPMI and the cell suspension 

was centrifuged at 200 x g for 10 min. The cell pellet was resuspended with 2 ml of 

cRPMI. The cells were used as enriched T cells and contained 67-80 % lymphocytes as 

determined by a differential cell count using the Leukostat Staining Kit (Fisher 

Diagnostics, Orangeburg, N. Y., see Appendix B for staim'ng protocol). 

Flow Cytometric Analysis of the TILs and TRLs. 

Flow cytometric analysis was used in order to determine the percent CD4 + and 

CDS +  T  ce l l s  in  the  d i saggrega ted  tumor  and  sponge  samples .  Approx imate ly ,  1x10^  

cells were aliquoted into 12 mm x 75 mm tubes (Becton Dickinson), washed with 3 ml of 

PBS and resuspended in 250 [xl PBS. Goat IgG (30 jAg, Sigma Immuno Chemicals, St. 

Louis, MO) was added and the cells were incubated on ice for 10 minutes to block the 

nonspecific Fc receptor binding. The cells were then washed with 3 ml of PBS, 

resuspended in 250 fil of PBS and stained with 10 jil rat anti-CD4 (purified fi-om the 

hybridoma ATCC TIB 207) or 10 jaI rat-anti CDS (purified fi^om the hybridoma ATCC 

TIB 213) for 30 minutes on ice. The cells were then washed with 3 ml of PBS and 

stained with 5 ^1FITC labeled goat anti-rat antibody (Sigma Immuno Chemicals) for 30 

minutes on ice. Finally, the cells were washed two times in PBS and resuspended in 0.5 
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ml PAB (see appendix A for composition). The cells were visualized using a 

FACStar''^"^ (Becton Dickinson). The FACStar^^^ utilizes a coherent 90-5 argon laser 

tuned to 488 nm. A 530/30 band pass filter was set, and samples were analyzed at a 100 

mW log scale. Acquisition and data reduction were analyzed utilizing a Hewlett Packard 

340 with Lysys version 2.0 software (Becton Dickinson). Intact cells were gated and 

20,000 events were collected. The progressing tumors (containing the TILs) contained 11 

% CD4 + and 4 % CD8 + cells, whereas sponges (containing the TRLs) contained 16 % 

CD4 + and 6 % CDS + cells. 

Nylon Wool Column Enrichment of T Lymphocytes. 

Enrichment of T lymphocytes by the nylon wool method was performed by passing 

the cell suspension over a nylon wool column. The column was prepared by teasing the 

nylon wool (Fenwal Laboratories, Deerfield, IL) until it was free of knots. Next, the 

plunger from a 10 ml syringe was removed, the nylon was inserted into the column and 

sterilized by autoclaving. One gram of nylon wool was used |Der column with a capacity 

for 1.5x10® cells. A three way stopcock (Baxter Healthcare Corp., Valencia, CA) with a 

21 gauge needle (Becton Dickinson, Lincoln Park, NJ) was attached to the bottom of the 

column which was subsequently attached to a ringstand. The column was equilibrated by 

passing 20 ml of cRPMI over the nylon, removing air bubbles with a sterile pipet, and 

incubating for 45 minutes at 37 °C in 7 % COi. Prior to loading, the column was drained 

to the level of the nylon, 2 ml of cells (< 1.5 x 10*) were loaded and run into the nylon. 
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After the cells were loaded, 0.5 ml of cElPMI was added and run into the nylon. The 

column was then overlayed with 2 ml of cRPMI and incubated for 45 minutes at 37 °C in 

7 % CO2. The first 20 ml, containing the enriched T lymphocytes, were collected from 

the column in a 50 ml centrifuge tube (Becton Dickinson) after the incubation. 

Enrichment of TILs and TRLs using the MiniMACs System. 

T lymphocytes were highly enriched (90% Thy 1.2 + T cells for TRLs, and 70% Thy 

1.2 + T cells for TILs) from progressing tumors and sponges using the MiniMACS 

Microbeads System (Miltenyi Biotec., Auburn, CA). For this procedure the tumors and 

sponges were digested, depleted of macrophages as described above and then passed over 

a nylon wool column to remove additional macrophages and B cells. One x 10^ cells were 

then  labe led  wi th  1  ̂ g  o f  ra t  an t i -mouse  CDl  lb  (Cal tag  Labora tor ies ,  San  Franc i sco ,  CA)  

and I Jig of rat anti-mouse Gr-l (Pharmingen, San Diego, CA), washed I x in PBS, and 

resuspended in 80 |il of PBS. Goat anti-rat magnetic microbeads (20^1, Miltenyi Biotec.) 

were added and incubated at 4 °C for 15 minutes undisturbed. The cells were washed 2 x 

in PBS, and resuspended in 500 {il PBS. The magnetic separation column (Miltenyi 

Biotec.), which was placed in the magnet, and attached to the separation stand, was 

prepared by running 500 fxl of PBS through it (Figure 1). The labeled cells were then 

placed in the column and allowed to run through. The eluent was collected and used as 

enriched T cells. 
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Figure 1. T cell enrichment with the Minih/IACs 

system. In order to eimch for T cells the MiniMACs system was used. The TIL and 
TRL populations were labeled with rat anti-CD lib and rat anti-Gr-l antibodies (A), 
bound to magnetic beads coated with goat anti-rat antibodies (A) and then run over a 
magnetic separation column (B). The enriched (unlabeled) T cells ran through the coiumn 
and were collected (C). T = T cells, M = macrophages, N = neutrophils. 
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Cytotoxicity by T Lymphocytes 

1. Emmunomagnetic Bead Depletion. 

In order to delineate the T cell subsets responsible for tumor cytolysis. Thy 1.2 +, 

CD4 +, or CDS + cells were depleted using immunomagnetic beads. Nonspecific Fc 

receptor mediated binding was blocked by adding 10 ng mouse IgG (Sigma Immuno 

Chemicals) per 10® cells. The cells were then labeled with 10 jxl of rat anti-CD4, (purified 

fi-om hybridoma ATCC TIB 207), 10 jil of rat anti-CD8, (purified fi"om hybridoma 

ATCC TEB 213), or 2 |xl of rat anti-Thy 1.2 (Pharmingen, San Diego, CA) antibody for 

40 minutes on ice. Excess antibody was removed by washing the cells 1 x with cold PBS 

supplemented with I % Fetal Bovine Serum (FBS). Immunomagnetic beads coated with 

affinity purified sheep anti-rat IgG (Dynabeads M-450, Dynal Inc., Great Neck, NY) 

were prepared by washing 2 x in PBS supplemented with 1 % FBS. The beads were then 

added to I x 10^ antibody labeled sponge cells at a ratio of 40 ; I and incubated for 60 

minutes at 4 °C while rotating (Robbins Scientific Corp., Surmyvale, CA). Cells bound to 

the beads were magnetically separated fi-om the remaining cells by placing the tubes 

containing the labeled cells in Dynal's magnetic particle concentrator (Dynal, Inc.) for 2 

minutes. The unlabeled cells were then poured out of the tubes and the enriched cells 

were resuspended in PBS after removal fi-om the magnet. 
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2. Cytotoxicity Assay. 

Cytotoxicity of tumor cells by TILs and TRLs was determined in an 8 hour "Cr 

release assay. Target cells were adjusted to 10^ cells per ml in a 15 ml polypropylene 

centrifuge tube (Becton Dickinson). Approximately 0.2 ml of cells was mixed with 35 jil 

of heat inactivated FBS (JRH Biosciences, Lenexa, KS) and labeled with 200 uCi of sterile 

sodium chromate (NaCr04, New England Nuclear, Boston, MA) for one hour in a 37 °C 

water bath with intermittent shaking every 15 minutes. The cells were washed three 

times in cRPMI and adjusted to the 5x10"* cells/ml in cRPMI. Next, 0.1 ml of effectors, 

containing 1.5 x 10^ cells, and 0.1 ml of targets, contaimng 5x10^ cells, were added to I 

well of a 96 well plate (Falcon 3077, Becton Dickinson). Each sample type was 

performed in triplicate. Wells used to measure spontaneous release of ^'Cr contained 0.1 

ml of target cells with 0.1 ml of cRPMI. Wells used to measure total release of ^ 'Cr 

contained 0.1 ml of targets cells plus 0.1 ml of 2 % Triton X-IOO. The plates were then 

centrifiiged for 30 seconds at 400 x g, and incubated for 8 hours at 37 °C in 7 % CO^. 

After the 8 hour incubation period, the plates were centrifiiged at 400 x g for 5 minutes 

and 0.1 ml of supernatant from each well was transferred to snap cap bio-vial tubes 

(Beckman Instruments) and samples were counted in a gamma counter 5500 (Beckman 

Instruments). The percent cytotoxicity was calculated as follows: 

Percent cytotoxicity = test cpm - spontaneous cpm x 100 
total cpm - spontaneous cpm 



28 

Blocking of Class I MHC was accomplished by the addition of 30 ^g of anti-H2K'l 

antibody (Pharmingen, San Diego, CA) to the targets and incubating at room temperature 

for 30 minutes prior to the addition of the effectors and the 8 hour "Cr release assay. 

Blocking of Vp 8 + T cells was accomplished by the addition of 30 ^g of anti-V beta 

8.1/8.2 antibody (Pharmingen, San Diego, CA) to the effectors and incubating at room 

temperature for 30 minutes prior to the addition of the targets and the 8 hour "Cr release 

assay. An irrelevant antibody (anti-human intercellular adhesion molecule-1 (ICAM-l, 

AMAC Inc., Westbrook, ME) was included as an isotype control. Spontaneous release 

never exceeded 31 %. 

V beta TCR Analysis. 

In order to analyze the T cell receptor vp repertoire of TILs and TRLs, the progressing 

tumors and sponges were digested with collagenase as described above. Approximately 

5 X 10* -1 X lo' cells were washed 2 x in PBS and polyA messenger RNA (mRNA) was 

isolated using the Invitrogen Micro Fast Track mRNA isolation kit (Invitrogen Corp. San 

Diego, CA, see Appendix C for protocol, see Appendix D for nucleic acid quantitation) or 

total RNA was isolated using Trizol Reagent (see Appendix C for protocol. Life 

Technologies Inc., Grand Island, NY). Isolated RNA (50 fig) was routinely treated with 

DNase (I Unit/|xg RNA, Boehringer Mannheim Biochemicals, Indianapolis, IN) prior to 

cDNA synthesis. Analysis by PCR, of DNase treated RNA, did not yield any product 

(data not shown) confirming an absence of DNA contamination. The resulting RNA was 
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quantified by spectrophotometry (see Appendix D) and equal amounts of RNA from 

each source were reverse transcribed using Invitrogen's cDNA Cycle Kit (see Appendix E 

for protocol, Invitrogen Corp.). Typically, 10-100 ng mRNA or 5 total RNA was 

used per cDNA reaction. The cDNA was then submitted to the polymerase chain 

reaction (PCR) using a panel of specific V beta sense primers and a common C beta anti-

sense primer designed using the Oligo Program (National Biosciences, Plymouth, MN, see 

Appendix F). 

The PCR conditions consisted of 0.2 mM dNTPs, 1 x Taq DNA Polymerase buffer 

(Boehringer Mannheim Corp., Indianapolis, IN), 5 ul cDNA, 20 ^M V beta sense primer, 

20 nM C beta anti-sense primer, and 2.5 U Taq DNA Polymerase (Boehringer Mannheim 

Corp., Indianapolis, IN) in a 100 ul total reaction volume. The reactions were cycled 30-

35 times consisting of 93 °C for 5 sec., 55 °C for 30 sec., and 72 °C for 30 sec., following 

addition of Taq DNA Polymerase at 80 °C using a thermal cycler (MJ Research Inc., 

Watertown, MA). Ten microliters of the resulting PCR products were then analyzed by 

electrophoresis through a 4 % agarose gel. After ethidium bromide staining the gel was 

photographed and analyzed using the computer program SCAN ANALYSIS (Biosoft, 

Cambridge, UK). The SCAN ANALYSIS program gave the digitized bands numerical 

values which represented the area of the band. The % V beta usage was calculated by 

dividing the area of the specific V beta band by the total area of all resulting bands. 
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Cytokine and CD3 Chain Analysis by RT-PCR 

In order to ascertain the cytokine and CD3 chain gene expression at the sites of tumor 

progression or rejection, cDNA was obtained as described above. The cDNA from the 

progressing tumor site (containing TILs) and the rejection site (containing TRLs) was 

equalized using actin primers (see Appendix F, Clontech, Palo Alto, CA). The cDNA was 

then amplified using EFN-y , TNF-a, TGF-p, IL-2, IL-4, EL-IO, IL-12, CD3 y, CD3 6, 

CD3 t, or CD3 rj primers (see Appendix F). The PCR conditions were the same as those 

used for the V beta analysis except the reactions were cycled 25 times for the cytokines 

and 35 times for the CD3 chains. 

Complementarity Determining Region 3 Region Analysis. 

In order to determine the clonality of the most predominant Vps the PCR products of 

the predominantly used Vps at both tumor sites and from concomitantly tumor immune 

spleens, used as a control, were ligated into the PGEM T vector (see Appendix G for 

ligation protocol, Promega Corp., Madison, WI) and used to transform the DH5a 

Escherichia coli {E. coli) strain (see Appendix I for transformation protocol, Stratagene 

Cloning Systems, La Jolla, CA). The white colonies were additionally screened for insert 

by Apal/Pstl (see Appendix K for restriction digest protocol, Boehringer Mannheim 

Corp.) digestion. Plasmid DNA was then extracted and sequenced using the Sequenase 

version 2.0 DNA sequencing kit (see Appendix L for sequencing protocol. United States 

Biochemical (USB), Cleveland, OH). The joining (J) region (of the TCR beta chain) usage 
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was determined by comparison of these sequences to previously published jp sequences 

(31,32, 33). 

Mixed Lymphocyte Tumor Culture 

The T lymphocytes from the progressing tumors (TILs), and sponges (TRLs) were 

submitted to a mixed lymphocyte tumor culture (MLTC) in order to establish the ability 

of these cells to lyse tumor cells after in vitro stimulation. The TILs and TRLs were 

enriched by the MiniMACS system as described above and then cultured in a twelve well 

plate for five days at 5 x 10^ cells/well in 5 mis cRPMI. Naive Spleen cells were used as 

antigen presenting cells (APCs) and were used at a 1 ; 1 ratio of effectors to APCs. 

Irradiated tumor cells were used for antigen stimulation at an effector to target ratio of 

100 ; 1. Interleukin 2 (Amgen Biologicals, Thousand Oaks, CA) was used at a 

concentration of 40 units/ml as a T cell growth factor. TGF-P1 (R & D Systems, 

Minneapolis, MN) was used at 2 ng/ml in order to inhibit the maturation of pre-CTLs to 

CTLs. The plates were then incubated at 37 °C in a 7 % CO2 incubator for five days. 

Western Blotting 

In order to investigate potential differences in the signaling machinery of the TILs and 

TRLs, western blots were performed in order to examine phosphorylated tyrosine 

proteins, p56''^'^, and p59^" and CD3 For these studies the TILs and TRLs were 

purified by collagenase digestion, macrophage depletion, and nylon wool as described 

above. The TILs and TRLs were then equalized for viability by acridine orange and 
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propidium iodine staining (see Appendix N for protocol) followed by staining with the 

Leukostat staining kit (see Appendix B, Fisher Diagnostics) to determine the percentage 

of lymphocytes in the samples. One x 10® viable lymphocytes were washed 2 x in PBS 

containing I mM of sodium orthovanadate (Nas VO4, Sigma Chemical Co., St. Louis, MO) 

and lysed in 0.15 ml cold lysis buffer (see Appendix A for composition) for 10 minutes 

on ice in 1.5 ml microfiige tubes (Intermountain Scientific Corp., Kaysville, VT). The 

lysates were then centrifliged at 10,000 x g for 10 minutes at 4 °C. The supematants 

were transferred to clean 1.5 ml tubes and an equal volume of 2 X SDS-PAGE buffer (see 

Appendix A for composition) was added. The samples were stored at -20 °C. For 

protein analysis, the lysates were heated to 95 °C for 5 minutes and then separated on a 

10 % SDS-PAGE gel (see Appendix O for gel preparation). The gel was run at 10 mA 

until the bromophenol blue dye, contained within the 2 X SDS-PAGE buffer, reached the 

resolving gel and then at 20 mA until the bromophenol blue dye ran off the gel. The 

protein was transferred to a nylon membrane (Immobilon P, Millipore Corp., Bedford, 

MA) at 80 Volts overnight at 4 °C. The membranes were washed 3 x for 15 minutes 

each in 10 ml of blocking buffer (see Appendix A for composition) while rocking (Red 

Rocker, Hoeffer Scientific Instruments, San Francisco, CA). For phosphotyrosine 

analysis, I |xg/ml of the anti-phosphotyrosine monoclonal antibody 4G10 (Upstate 

Biotechnology Incorporated, Lake Placid, NY) was incubated with the membrane for 2 

hours in 10 ml of blocking buffer while rocking. For p56''^'' analysis, 1 }.tg/ml of the anti-
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human Lck Kinase antibody (Upstate Biotechnology Incorporated, Lake Placid, NY) was 

used for 2 hours in 10 ml of blocking buffer while rocking. For p59^" analysis, 1 fig^ml 

of the Anti-Human Fyn Protein antibody (Upstate Biotechnology Incorporated, Lake 

Placid, NY) was used for 2 hours in 10 ml of blocking buffer while rocking. For CDS ^ 

analysis, 1 (xg/mlof the anti-mouse CDS ^ antibody (Pharmingen, San Diego, CA) was 

used for 2 hours in 10 ml of blocking buffer while rocking. The membranes were then 

washed by pouring off the 10 ml of blocking buffer containing the antibody and adding 10 

ml of fresh blocking buffer 2 x each for 5 minutes, and then incubated with a 1/6000 

dilution of horseradish peroxidase conjugates for 45 minutes. For the phosphotyrosine 

and CDS ^ western blots, horseradish peroxidase conjugated goat anti-mouse antibody 

was used (Sigma Immuno Chemicals). For the Fyn and Lck western blots, horseradish 

peroxidase conjugated goat anti-rabbit antibody was used (Sigma Immuno Chemicals). 

After incubation with the conjugates the membranes were washed by pouring out the 

conjugate solution and adding 1 x Tris buffered saline (TBS, see Appendix A for 

composition) 3 x for 5 minutes, and developed by enhanced chemiluminescence (ECL) 

according to the manufacturer's instructions (see Appendix P for ECL protocol, ECL 

Western Blotting Detection Reagent, Amersham Life Science, Arlington Heights, IL). 
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CHAPTER 3 

RESULTS 

Cytotoxicity of Freshly Isolated TILs and TRLs 

In order to examine the cytolytic ability of freshly isolated tumor infiltrating 

lymphocytes (TILs) and tumor rejecting lymphocytes (TRLs) an 8 hour "Cr release 

assay was performed (Figure 2). The T lymphocytes from the rejected tumor site were 

capable of cytolysis (52 %) of the autologous tumor cells (EMT6) at an effector ; target 

ratio of 30 : 1. The maximum cytolysis observed for the TILs was 1 % at an effector: 

target ratio of 30 : 1. The cytolytic activity of the TRLs was also shown to be dependent 

upon the number of effector cells. The cytotoxic ability decreased from 52 % at a 30 : 1 

effector; target ratio to 19 % at a 7.5 : I effector: target ratio. A low level of natural 

killer cell activity was also observed in the TRL population based on the lysis of the 

natural killer cell sensitive line, YAC-l. These data demonstrate that the T cells from the 

rejected tumor site were cytolytic whereas the T cells from the progressing tumors were 

not. 
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Figure 2. Cytotoxicity of freshly isolated TILs and TRLs. Freshly isolated TILs and TRL s 
were examined for their cytolytic ability against EMT6 and YAC-l targets using an 8 
hour "Cr release assay at varying effector : target ratios. The error bars indicate the 
standard deviation from three separate experiments. 

MHC Class Restriction of TRL Cytotoxicity. 

In order to determine if the cytotoxicity of the EMT6 tumor cells by the TRLs was 

MHC Class I restricted, an 8 hour "Cr release assay was performed by the addition of 

MHC I blocking antibody to the targets prior to the cytotoxicity assay (Figure 3). The 

cytotoxicity by the TRLs at an effector: target ratio of 30 : I was 41 %. Upon addition 

of the a-H2K'' blocking antibody the cytotoxicity dropped to 15 %. Antibody against 

ICAM-1 was used as an isotype control and showed 39 % cytotoxicity which suggested 

that the presence of antibody alone did not cause the decrease in cytotoxicity. These data 
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indicated that the majority of the cytotoxic activity of the cells isolated from the tumor 

rejection site was MHC Class I restricted. 

^ 30-

^ 20-

isotype 
TRL 
aH2Kcl 

Figure 3. Cytotoxicity of the TRLs and MHC Class I restriction. The cytolytic ability of 
the TRLs against the EMT6 tumor was examined for MHC Class I restriction by the 

addition of 30 ug of aH2K'' antibody to the targets prior to the cytotoxicity assay. 

Antibody against ICAM-1 was used an isotype control. The effector to target ratio was 
30 ; 1. The error bars indicate the standard deviation of triplicate samples. 

T Ceil Subsct(s) Responsible for in Vitro Cvtolvsis of the EMT6 

Tumor. 

In order to determine the T cell subset(s) responsible for cytolysis of the EMT6 

tumor cells by the TRLs, an 8 hour ^'Cr release assay was performed after depleting 

either CD4 +, CDS +, or Thy 1.2 + T cells (Figure 4). The TRLs showed 45 % cytolysis 
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of the EMT6 tumor cells at an effector: target ratio of 50 : 1. Depletion of the CD4 + T 

cells had no effect on the cytolytic ability of the TRLs. However, after the CDS + T cells 

were depleted the cytotoxicity dropped to 5 % and after depletion of Thy 1.2 T cells 

the cytotoxicity was only 1 %. These data indicated that the cells responsible for the 

observed cytotoxic activity were CDS + T cells. 

TRL TRL TRL TRL 
- CD4 - CDS - Thy1.2 

Figure 4. Cytotoxicity of the TRLs after T cell subset depletion. The T cells responsible for 
the tumor cytolysis was examinedby depleting either CD4 +, CDS +, or Thy 1.2 + T cells 
from the TRLs and performing an 8 hour "Cr release assay. The error bars indicate the 
standard deviation of triplicate samples. 

V Beta Repertoire of Freshly Isolated TILs and TRLs 

Due to the differences in the cytotoxic activities of the TILs and TRLs towards 

autologous EMT6 tumor cells in vitro, the TILs and TRLs were examined for differences 
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in their V beta T cell receptor family usage by reverse transcriptase polymerase chain 

reaction (RT-PCR, Figure 5). The usage of Vps 1, 8,10, 11, and 13 was increased in the 

TIL and TRL populations compared to the remaining Vps. The usage of VPs 10, 11, and 

13 however, was also high in the naive spleens (Figiire 5 and Table 1). The usage of Vps 

12, 14, and 15 was decreased in the TILs and TRLs compared to the naive spleens. 

Although the level of usage of Vps 4,5.2 and 7 was slightly higher in the TRLs than the 

TILs this level was not significantly different than the level of usage in the naive spleens. 

The most predominantly used V^s in the TILs and TRLs were Vp I and vp 8. The 

usage of Vp I and Vp 8 was also increased in the concomitantly tumor immune spleens 

compared to the naive spleens (Figure 5 and Table I). These data suggested that Vp I 

and Vp 8 TCR bearing T cells may be involved in the antitumor immune response against 

the EMT6 tumor. 



39 

EMT6 Tumor 

• nSpleen 

• ISpleen 

• TIL 

• TRL 

i 

i-i 

1 I— 

r i - m * > il t 
iri • i -n 1 /1111 

/ •jJI 
^ *fil I tkmm d 1 / > i % 1 1 bk A 

5.1 5.2 6 10 11 12 13 14 15 16 17 18 19 

V Beta Family 

Figure 5. F beta T cell receptor analysis of TILs and TRLs. The Vp T cell receptor 

repertoire of TILs, TRLs, concomitantly tumor immune spleens (iSpleen), and naive 
spleens (nSpleen) were examined by RT-PCR. The PCR was performed using V beta 
specific primers and a common C beta primer. The data represent the mean percent usage 
from six individual animals analyzed. 

Table 1. Comparison of Vp usage from naive spleens'*, immune spleens^ TILs, and TRLs 

in the EMT6 tumor. 

V Beta-^ nSpleen^ iSpleen'' TEL TRL 

Vp 1 3.6 13.0 20.3 18.9 

Vp 8 6.0 12.4 19.0 14.4 

Vp 10 15.1 7.4 11.3 7.2 

Vp 11 9.8 11.7 6.7 7.8 

Vp 13 12.8 8.3 9.2 11.4 

"nSpleen - Spleen cells analyzed from naive non-tumor bearing animals. 
''iSpleen - Spleen cells analyzed from concomitantly tumor immune animals. 

beta - average percent usage from six individual animals bearing EMT6 tumors. 
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V Beta Family Involved in Cvtolvsis of EMT6 Tumor Cells in Vitro. 

In order to determine if one of the predominant vp families was involved in tumor 

recognition and cytolysis a "Cr release assay was perforaied after blocking the 

V beta 8 T cell receptors of the TRLs (Figure 6). The use of only V beta 8 blocking 

antibody was based on the availability of the antibody and the lack of availability of a V 

beta I antibody. The data revealed that without blocking antibody the TRLs showed 

37 % cytotoxicity. After blocking the V beta 8 TCRs, the TRL cytolysis dropped to 

21 %. The isotype control showed that antibody alone was not sufficient to decrease the 

cytotoxicity. These data suggested that the Vp 8 TCR bearing T cells were involved in 

the in vitro cytolysis of the EMT6 tumor cells. 
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Figure 6. Cytotoxicity of TRLs in the presence of V beta 8 blocking antibody. In order to 
determine if the V beta 8 T cell receptor was involved in the recognition of the EMT6 
tumor cells by the TRLs an 8 hour "Cr release assay was performed with V beta 8 
blocking antibody. The effector : target ratio was 30 ; 1. The error bars indicate the 
standard deviation of triplicate samples. 

V Beta Repertoire of TELs and TRLs from Two Additonal Tumor 

Systems. 

The V beta TCR analysis of the TILs and TRLs from the EMT6 tumor bearing mice 

showed that the same vp TCR bearing T cells predominated progressing and rejected 

tumor sites. In order to ascertain whether a similar predominance of Vp TCR bearing T 

cells existed in other tumor systems, vp TCR analysis was performed on the TILs and 

TRLs from a weakly immunogenic mammary carcinoma (168) and a non-immunogenic 
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murine melanoma (B16, Figure 7 and Table 2). In the 168 tumor bearing mice, V beta 8 

was the most predominant Vp TCR in the TILs and TRLs. In the B16 tumor bearing 

mice V beta 5.1 and V beta 8 were the most predominant Vp TCRs in the TILs and in the 

TRLs. Significantly, as shown with the EMT6 tumor system, there was an increased 

usage of the most predominantly used Vp TCRs in the concomitantly tumor immune 

spleens compared to the spleens from naive non-tumor bearing mice (Figure 7 and Table 

2). These data confirmed the fact that the most predominant Vp TCR bearing T cells 

associated with progressing tumor sites were also associated with tumor rejection sites. 
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Figure 7. Vbeta TCR analysis from TILs and TRLs in 168 and B16 tumor bearing mice. 

V beta TCR analysis was performed on naive spleens (nSpieen), concomitantly tumor 
immune spleens (iSpleen), TILs and TRLs from mice bearing 168 and B16 tumors. The 
data represent the average of three individual animals examined per group. 
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Table 2. Comparison of Vp usage from TILs, TRLs, concomitantly tumor immune 

spleens ^ and naive spleens 

VBeta nSoleea iSoleen^ TRL TIL 

EMT6C vp I 3.6 13.0 18.9 20.3 
V p 8  6.0 12.4 14.4 19.0 
vp 10 15.1 7.4 7.2 11.3 
vp 13 12.8 8.3 l l A  9.2 

168 d Vp 8 7.2 9.4 67.8 35.6 

B16 e Vp 5.1 5.5 12.6 18 40.4 
Vp 8 8.7 22 21.2 32.6 

" iSpleen - Spleen cells analyzed from concomitantly tumor immune animals. 

nSpleen - Spleen cells analyzed from naive non-tumor bearing animals. 

vp 1, Vp 8, Vp 10 and Vp 13 average % usage from six individual mice bearing EMT6 

tumors. 
d 
vp 8 average % usage from three mdividual mice bearing 168 tumors. 

Vp 5.1 and Vp 8 average % usage from three individual mice bearing B16 tumors. 

CDR3 Sequence Analysis of TILs, TRLs and Immune Spleens 

Although the V beta TCR analysis of the TILs and TRLs showed that the same V beta 

families were responding to the progressing and rejected tumors, the V beta families may 

have differed within the CDR3 region, which is involved in antigen binding. In order to 

determine the clonality of the V beta TCRs which were responding to the EMT6, 168 and 
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B16 tumors, the CDR3 regions of the most predominant V beta TCRs in the TILs, TRLs 

and immune spleens were sequenced (Tables 3 -5). 

The most predominant joimng region (jp) associated with Vp 1 TCR bearing T cells in 

the EMT6 tumor system was jp 1.1 which was found 4/10 x in the progressing tumors, 

6/10 X in the rejected tumors and 0/10 x in the immune spleens (Table 3). Two out of the 

10 clones sequenced possessed different diversity regions associated with jp 1.1 in the 

progressing tumors and 4 different diversity regions associated with jp 1.1 in the rejected 

EMT6 tumors. The clones which were found in both the progressing and rejected tumor 

sites are shown in italics (Table 3). In the Vp 8 TCR compartment, jp 1.6 was found 

4/10 X in the progressing EMT6 tumors, 3/10 x in the rejected tumors and only 1/10 x in 

the immune spleens. Surprisingly, the diversity regions of these clones were identical 

consisting of a glycine (G) and aspartic acid (D). The joining region Jp 2.7 was the most 

predominant joining region associated with the Vp 8 TCR of the rejected EMT6 tumor 

sites being present 4/10 x at this site, and 1/10 x in the progressing tumors and immune 

spleens (Table 3), however the diversity regions differed in these TCRs. 

In response to the 168 tumor the Vp 8 TCRs contained the joining region Jp 2.3 3/10 

X in the progressing tumor, 5/10 x in the rejected tumor, and 0/10 x in the immune spleen 

(Table 4). The diversity regions showed less restriction with 3 different diversity regions 
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in the progressing and rejected tumors. Yet, 2/3 of these diversity regions were identical 

between the progressing and rejected tumor sites (Table 4). 

In the B16 tumor system the Vp 5.1 response was clonaly restricted within the joining 

regions with jp 2.1 found 10/10 x in the progressing and rejected tumor sites, and 4/10 x 

in the inmiune spleens. However, as seen with the EMT6 and 168 tumors, there were 

different diversity regions associated with these joining regions. Two different diversity 

regions associated with jp 2.1 in the progressing tumor site and 5 different diversity 

regions associated with jp 2.1 in the rejected tumor site. The Vp 8 response to the B16 

tumor was less restricted with jp 2.3 found 3/10 x in the progressing tumors, 4/10 x in the 

rejected tumors, and O/IO x in the immune spleens. The diversity regions were also less 

restricted within these Jp 2.3 clones with 2 different diversity regions in the progressing 

tumor and 4 different diversity regions in the rejected tumor site (Table 5). These data 

showed that the most predominant T cell clones present in the progressing tumor sites 

were also the most predominant clones in the rejection sites. 

The lower frequency of these clones in the concomitantly tumor immune spleens 

suggested that these T cells were being specifically recruited to the tumor sites (Figure 8). 

In order to verify this, the V beta 1 and V beta 8 TCR bearing T calls from sponges that 

were injected with PBS, instead of the EMT6 tumor cells, were sequenced (Table 6). The 

data revealed that the cells isolated from the blank sponges (PBS injected sponges) did not 

contain T cells expressing Vp 1 jp 1.1 or Vp 8 jp 1.6 found in the progressing or rejected 



47 

tumor sites (Tables 3, 6). Instead T cells bearing vp 1 jp 2.7 and vp 8 jp 1.3 TCRs 

predominated the T cell response (Table 6). These data support the contention that the 

recruitment of vp 1 jp l.l and Vp 8 jp 1.6 TCR bearing T cells into the sponges was 

dependent upon the presence of tumor cells. 



Table 3. Complementary Determining Region 3 analysis of the TILs, TRLs, and iSpleens from the EMT6 tumor bearing 
animals. 

T I L  T R L  i S P L E E N  

v p l "  NDBN" ( j p i "  Freq" v p i  NDpN J p  (JP) Frea V6l ND^N J §  ( Freq 

FCAS SQDGG QNTLY 2 . 4  3 / 1 0  FCAS SQGLGE NTLY 2 . 4  2 / 1 0  FCAS SQGWQA YEQY 2 . 7  1 / 1 0  
FCAS SQDRG AETLY 2 . 3  2 / 1 0  FCAS SRHRT QDTQY 2 . 5  1 / 1 0  FCAS SQDK YEQY 2 . 7  1 / 1 0  
FCAS SPRQGP YEQY 2 . 7  1 / 1 0  FCAS SQAQGAG AEQF 2 . 1  1 / 1 0  FCAS SQD SEQY 2 . 7  1 / 1 0  
FCAS RPGTGN TEVL 1 . 1  1 / 1 0  FCAS SLGQGT TEVF 1 . 1  1 / 1 0  FCAS SRSGS EQY 2 . 7  1 / 1 0  
FCAS RPGTGN TEVF 1 . 1  3 / 1 0  FCAS RPGTGN TEVF 1 . 1  3 / 1 0  FCAS SQDWGS YEQY 2 . 7  1 / 1 0  

FCAS RPGQGN TEVF 1 . 1  1 / 1 0  FCAS SQDEGRE NSDYT 1 . 2  1 / 1 0  
FCAS SPGTGN TEVF 1 . 1  1 / 1 0  FCAS 

FCAS 

FCAS 

FCAS 

QPPRDWD 

SPRDR 

QLHRGQ 

SQDGNSG 

AEQP 

ETLY 

AETLY 
NTLY 

2 . 1  
2 . 3  
2 . 3  
2 . 4  

1 / 1 0  
1 / 1 0  
1 / 1 0  
1 / 1 0  

Vp8 NOPN JP (JP) Freo vps NDpN JP (JP) Freq vpa NOPN JP (Jpi Freq 

FCAS GD NSPLY 1 . 6  4 / 1 0  FCAS GD NSPLY 1 . 6  3/JO FCAS SDVGGA NERLF 1.4 /lO 
FCAS RTGSS YEQY 2.7 1/10 FCAS SAAGV EQY 2.7 1/10 FCAS TKG AETLY 2.3 /lO 
FCAS GTGGY TEVF 1.1 1/10 FCAS GPGLS YEQY 2.7 1/10 FCAS SENVJGA QDTLY 2.5 /lO 

FCAS GDRG NSDLH 1.2 1/10 FCAS GDAGGGG EQY 2.7 1/10 FCAS GGLGGG TGQLY 2.2 /lO 

FCAS SVPDWG SAETLY 2.3 2/10 FCAS SDVGGRL EQY 2.7 1/10 FCAS GARS SGNTLY 1.3 /lO 

FCAS GERTT SAETLY 2 . 3  1 / 1 0  FCAS SALS QNTLY 2.4 1/10 FCAS RSGTGVP QY 2.7 /lO 

FCAS SRPS QNTLY 2.4 1/10 FCAS GDWGFN TGQLY 2.2 /lO 

FCAS GERTT SAETLY 2 . 3  1 / 1 0  FCAS VPGSPGTGFGAGQLY 2.2 /lO 

FACS GDRGNNQA PL 1.6 /lO 
FCAS SDR NSDYN 1.2 /lO 

^ - V beta family designation,'' - diversity region,' - joining region,- joining region designation, ° - frequency ofoccuretice. 



Table 4. Complementary Determining Region 3 analysis of the TlLs, TRLs, and iSpIeens from the 168 tumor bearing 
animals. 

T I L  T R L  i S P L E E N  

vpS' NDpN'' Frea' Vfi8 NDpN JB Frea vps NDBN jp Freq 

FCAS SPGR SAETLY 2. 3 1 / 1 0  FCAS SPGR SAETLY 2. 3 3 / 1 0  FCAS SEGGAD TEVF 1 .1 1 / 1 0  
FCAS SEWGGAG AETLY 2. 3 1 / 1 0  FCAS SEWGGAG AETLY 2. 3 1 / 1 0  FCAS SNTGIP DTQY 2 .5 1 / 1 0  
FCAS GDAGHT SAETLY 2. 3 1 / 1 0  FCAS RSLGLGFVE ETLY 2. 3 1 / 1 0  FCAS RTGKQ DTQY 2 .5 1 / 1 0  
FCAS SGRSN TEVF 1. 1 1 / 1 0  FCAS SDWGN YAEQF 2. 1 1 / 1 0  FCAS RPQGP NSDYT 1 .2 1 / 1 0  
FCAS GGQGEN TEVF 1. 1 1 / 1 0  FCAS GDDWSHN YAEQF 2. 1 1 / 1 0  FCAS GDS ERLF 1 .4 1 / 1 0  
FCAS VRa?N TEVF 1. 1 1 / 1 0  FACS GGTEL EQY 2. 7 1 / 1 0  FCAS GVNRAG NTLY 2 .4 1 / 1 0  
FCAS GDTWGDN YAEQF 2. 1 1 / 1 0  FCAS STGD ERLF 1. 4 1 / 1 0  FCAS SEGQK NTLY 2 .4 1 / 1 0  
FCAS GDAGLD YAEQF 2. 1 1 / 1 0  FCAS STGA ERLF 1. 4 1 / 1 0  FCAS GGLGDA NTGQLY 2 .2 1 / 1 0  
FCAS GEPN NQDTQY 2. 5 1 / 1 0  FCAS STVS YEQY 2 .7 1 / 1 0  
FCAS SDRDWGS EQY 2. 7 1 / 1 0  FCAS GERLGGD EQY 2 .7 1 / 1 0  

* - V beta family designation, ** - diversity region, •• - joining region,'' - joining region designation, ° - frequency of occurence. 



Table 5. Complementary Determining Region 3 analysis of the TILs, TRLs, and iSpleens from the B16 tumor bearing 
animals. 

T I L  T R L  i S P L E E N  

V p S . l "  N D p N "  ( J P ) '  Freq' v p 5 .  1 ND^N J P  ( J P )  Freq V§5 .1 ND^N JP ( j P )  Freq 

FCAS SPGTGDN YAEQF 2 . 1  7 / 1 0  FCAS SPGTGDN YAEQF 2 . 1  3 / 1 0  FCAS SPGQGYN YAEQF 2 . 1  1 / 1 0  
FCAS SPGQGYN YAEQF 2 . 1  3 / 1 0  FCAS SPGQGDN YAEQF 2 . 1  4 / 1 0  FCAS SPGTGDN YAEQF 2 . 1  1 / 1 0  

FCAS SPVQGNN YAEQF 2 . 1  1 / 1 0  FCAS SPGQGDN YAEQF 2 . 1  1 / 1 0  

FCAS SPVQGYN AEQF 2 . 1  1 / 1 0  FCAS SPGTGYG AEQF 2 . 1  1 / 1 0  
FCAS SPGQGNN YAEQF 2 . 1  1 / 1 0  FCAS SLGTGDN TEVF 1 . 1  1 / 1 0  

FCAS SSNWGE DTQY 2 . 5  1 / 1 0  
FCAS SRDWG NTGQLY 2 . 2  1 / 1 0  
FCAS RDRV NERLF 1 . 4  1 / 1 0  
FCAS GDG ERLF 1 . 4  1 / 1 0  
FCAS SRSGS EQY 2 . 7  1 / 1 0  

vpe NDpN ( J P )  Frea vpa NDpN J p  ( J P )  Frea V p 8  NDPN j p  ( j P )  Freq 

FCAS SEWGGAG AETLY 2 . 3  2 / 1 0  FCAS SGTY SAETLY 2 . 3  1 / 1 0  FCAS GDTGD EQY 2 . 1  2 / 1 0  
FCAS SEWGRRCRND LY 2 . 3  1 / 1 0  FCAS GDDWGG AETLY 2 . 3  1 / 1 0  FCAS GDAGN TQY 2 . 5  1 / 1 0  
FCAS GDAGA NSDYT 1 . 2  1 / 1 0  FCAS GD SAETLY 2 . 3  1 / 1 0  FCAS GDAPG NSDYT 1 . 2  1 / 1 0  
FCAS GDAGQGS SDYT 1 . 2  1 / 1 0  FCAS KTGGL SAETLY 2 . 3  1 / 1 0  FCAS SEGRV YNSPLY 1 . 6  1 / 1 0  
FCAS GDAETGA SDYT 1 . 2  1 / 1 0  FCAS TG SDYT 1 . 2  1 / 1 0  FCAS SEAGTG NTLY 2 . 4  1 / 1 0  
FCAS GDSN TEVF 1 . 1  1 / 1 0  FCAS GDQGR VF 1 . 1  1 / 1 0  FCAS GDGQGRG NSPLY 1 . 6  1 / 1 0  
FCAS NPRSAD TEVF 1 . 1  1 / 1 0  FCAS GDGDWG QDTQY 2 . 5  1 / 1 0  FCAS GDRSGTGGAL EQY 2 . 1  1 / 1 0  
FCAS GEGTG QNTLY 2 . 4  1 / 1 0  FCAS SDRGLGP GQLY 2 . 2  1 / 1 0  FCAS SVKA TEVF 1 . 1  1 / 1 0  
FCAS GADR SGNTLY 1 . 3  1 / 1 0  FCAS RNWGG YEQY 2 . 7  1 / 1 0  FCAS DSGTGGL RLF 1 . 4  l / i o  

FCAS GDGGV DTQY 2.5 1/10 

' - V beta family designation,'' - diversity region, ^ - joining region, ** - joining region designation, ° - frequency of occurence. 



51 

EMT6 T I L  T R L  i S P T ,  

Vpl(20%) Vp8(19%) 
i  1  

JP1.1(40%) jpl.6(40%) 

vpl(19%) Vp8(l4%) 
i I 

JP1.1(60%) jpl.6(30%) 

Vpl(13%) Vp8(12%) 
i i 

JPI.I (0) JP1.6(1G%) 

168 TIL T R L  i S P L  

VpS (36%) 
I 

Jp2.3 (30%) 

VpS (68%) 
i 

Jp2.3 (50%) 

Vp8 (9%) 
i  

Jp2.3 (0) 

B16 TIL T R L  i S P L  

Vp5.1(40%) Vp8(33%) 
1  1  

Jp2.1(100%) Jp2.3(30%) 
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i i 

Jp2.1(40%) Jp2.3 (0) 

Figure 8. F" beta andJ beta usage of TILs and TRLs from the EMT6, TI68, and B16 
tumor bearing animals. In order to determine if there were any similarities in V beta and 
J beta usage between the TILs and TRLs the CDR3 regions of the most predominant V 
beta TCRs and J beta TCRs were compared between the TILs, TRLs and immune 
spleens from EMT6, 168, and B16 tumor bearing animals. 

Table 6. Complementary Determining Region 3 analysis of Vp 1 and Vp 8 T cell 

receptors from PBS injected sponges. 

V B P  N D f i N ^  JB' Freq^ Vp8 NDpN JB (JB^ Frea 

FCAS SQGLGDS YEQY 2.7 4/5 FCAS GEGGR GNTLY 1.3 5/5 

FCAS SQDLGDS YEQY 2.7 1/5 

' - V beta family designation, - diversity region,' - joining region, - joining region designation, 
' - frequency of occurence. 
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Cytokine Analysis of Progressing and Rejected Tumor Sites, 

The T cell receptor analysis failed to find any significant differences between the T 

cells present in the progressing and rejected tumor sites despite the differences in the 

cytolytic ability of the TILs and TRLs. Therefore, the two tumor sites were analyzed for 

differences in cytokine gene expression patterns. Using RT-PCR the mRNA levels of 

IFN-y, TNF-a, TGF-P, IL-2, lL-4, IL-IO, and IL-12 were compared between the 

progressing and rejected timior sites (Table 7). The data showed that the levels of IFN-y, 

TNF-a, IL-2, IL-4, EL-IO, and IL-12 mRNA were higher at the rejected tumor sites for 

the EMT6, 168, and B16 tumor models. The messenger RNA levels of TGF-P was 

higher in the progressing EMT6 and B16 tumor, but not in the 168 tumor (Table 7). 

These data show a correlation between immunostimulatory cytokine gene expression and 

tumor rejection. 



53 

Table 7. Cytokine gene expression at sites of tumor progression and rejection 

tL-2 lL-4 IL-10 IL-12 IFN-v TNF-a TGF-6 

TIL' TRL'' TIL TRL TIL TRL TIL TRL TIL TRL TIL TRL m TRL 

EMT6 + +++ + -H-+ + +++ + +++ + ++++ + +++ ++ + 

168 + ++ + +++ + +++ + ++ + ++ + ++ + ++ 

B16 +++ + +++ + +++ + ++ M i l  + ++ ++ + 

^ Cytokine production in the progressing tumor sites containing TILs. 
'' Cytokine production in the rejected tumor sites containing TRLs. 
(+) Indicates the presence of mRNA for the cytokine 
(++) Indicates the level of cytokine gene expression was 1.1-1.9 X greater at the specified 
location than at the corresponding location with (+). 
(+++) Indicates the level of gene expression was 2.0-2.9 X greater at the specified location 

than at the corresponding location with (+). 
(++++) Indicates the level of gene expression was 3.0 X greater at the specified location 
than at the corresponding location with (+). 
These results are based on densitometry and normalization to actin controls. 
The table represents data from progressing tumors and sponges of eight animals for the 
EMT6 tumors and three animals for the 168 and B16 tumors. 

Cytolytic Ability of TILs and TRLs After in Vitro Stimulation. 

The data have shown that T cells isolated fi-om the rejected tumor site were not only 

capable of in vitro cytolysis of the autologous tumor cells, but were present in an 

immunostimulatory environment in vivo. In order to determine if the T cells present in 

the progressing timiors were capable of becoming cytolytic towards autologous tumor 

cells in vitro, they were submitted to a mixed lymphocyte tumor culture for five days. 

After incubation in IL-2, antigen presenting cells and antigen for five days, the TILs were 

capable of recognition and cytolysis of autologous tumor cells in an 8 hour "Cr release 
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assay (Figure 9). After the 5 day MLTC, TELs exhibited 25 % cytotoxicity. TRLs 

exhibited 69 % cytotoxicity of EMT6 tumor cells after in vitro stimulation (Figure 9). 

The addition of TGF-§ at the initiation of culture inhibited the increase in TRL and TIL 

cytotoxicity (Figure 9). These data indicated that the cytotoxicity of the TILs and TRLs 

could be increased after in vitro culture, and that TGF-p may have an inhibitory role in 

the development of effector cell fimction in vitro. 

• 
• 

01 

TRL 

TRL Post MLTC 

TRL Post .MLTC +TGF-p 
TIL 

TIL Post MLTC 

TIL Post MLTC + TGF-p 

Figure 9. Cytotoxicity of TILs and TRLs after MLTC. The ability of the TILs to lyse 
EMT6 tumor cells after a 5 day MLTC was tested in an 8 hour ^'Cr release assay. The 
error bars indicate the mean +/- standard deviation of triplicate samples. The data are 
representative of two separate experiments. 
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V Beta TCR Usage of TILs and TRLs post-MLTC 

The V beta T cell receptor repertoires of TILs and TRLs were analyzed after the 

mixed lymphocyte tumor culture in order to determine if there was a preferential 

expansion of V beta 1 and V beta 8 TCR usage which were previously shown to 

predominate the T cell response in the EMT6 tumor model (Figure 10). The data showed 

a decrease in the Vp 1 and Vp 8 TCR usage in the TILs and TRLs, and an increase in vps 

4, 5.1,5.2,6,9,12, and 15 TCR usage after the MLTC (Figure 10). T cells bearing the 

TCR vp 1 represented 20 % of the TBLs and 19 % of the TRLs, whereas T cells bearing 

the TCR vp 8 represented 19 % of the TILs and 14 % of the TRLs before the MLTC 

(Figure 11). After the MLTC the Vp 1 usage decreased to 7 % in the TIL and 6 % in the 

TRLs (Figure 11). The Vp 8 usage dropped to 12 % in the TILs and 9 % in the TRLs 

(Figure 11). These data indicated that there was no increase in vp 1 and Vp 8 TCR usage 

after the MLTC. 
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V beta analysis Post-MLTC 
12, r 

V beta family 

Figure 10. V beta TCR analysis of TILs and TRLs after a five day MLTC. The V beta 
TCR repertoire of TELs and TRLs were examined by RT-PCR after a five day MLTC. 
The PCR was performed using V beta specific primers and a common C beta primer. The 
data represent the V beta usage fi'om a single experiment. 
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TIL TIL TRLTRL TIL TIL TRL TRL 
Pre Post Pre Post Pre Post Pre Post 

Figure 1 \. Comparison of F/S I and T/S S TCR usage in TILs and TRLs pre- and post-

MLTC. The V beta TCR repertoires of the TILs and TRLs were examined by RT-PCR 
before and after MLTC. The PCR was performed using V beta specific primers and a 
common C beta primer. The data represent the V beta usage from a single experiment 
post MLTC and the average of 6 experiments pre MLTC. 

CDR3 Region Sequence Analysis of TILs and TRLs After MLTC. 

Although the V beta 1 and V beta 8 TCR usage was decreased after the MLTC, it was 

possible that the Vp 1 and Vp 8 clones which were not responding to the EMT6 tumor 

cells in culture died leaving a population of clonally restricted cells. In order to determine 

whether this occurred the CDR3 regions of the Vp 1 and Vp 8 TCR bearing T cells were 

sequenced after the MLTC. The CDR3 region analysis of the Vp 1 TILs showed there 

was an expansion of jp 1.1 usage from 40 % before the MLTC to 80 % usage after the 
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MLTC (Table 3 and Table 8). Overall, 50 % of the clones were shared between the TILs 

and TRLs after the MLTC in the Vp I compartment, although no clones were shared in 

the vp 8 compartment (Table 8). TRLs bearing the TCR Vp 8 jp 2.7 remained 

unchanged after the MLTC with 40 % usage. The vp 8 jp 2.7 usage by the TILs showed 

no expansion after the MLTC remaining at 10% (Table 8). These data indicated that 

there was no clonal expansion of the Vp 8 TCR bearing T cells after the MLTC. 

Additionally, the clones which predominated the Vp 8 TCR bearing T cells in the TIL and 

TRL populations from the in vivo environment, which used the joining region jp 1.6 were 

absent after the MLTC (Table 1 and Table 8). 
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Table 8. Complementary Determining Region 3 (CDR3) analysis of the TILs and TRLs 
after MLTC. 

T I L  T R L  

v p i ^  N D B N "  f J B r  F r e c f  v p i  N D B N  J p  f  J P )  F r e q  

FCAS SPGQGN TEVF 1 . 1  2 / 1 0  FCAS SQGLGDS YEQY 2 . 7  2 / 1 0  
FCAS SPGTGN TEVF 1 . 1  2 / 1 0  FCAS SPGLGDS YEQY 2 . 7  1 / 1 0  
FCAS SQGQGN TEVF 1 . 1  2 / 1 0  FCAS SPGTGN TEVF 1 . 1  2 / 1 0  

FCAS SSPQGN TEVF 1 . 1  1 / 1 0  FCAS SPGQGN TEVF 1 . 1  1 / 1 0  

FCAS SAGQGN TEVF 1 . 1  1 / 1 0  FCAS SPGQGG SGNTLY 1 . 3  2 / 1 0  
FCAS SQGLGDS YEQY 2 . 7  1 / 1 0  FCAS SPDG SYNSPLY 1 . 6  1 / 1 0  
FCAS RPGLGDT YEQY 2 . 7  1 / 1 0  FCAS SQDLLGGRF TGQLY 2 . 2  1 / 1 0  

V B 8  N D B N  J B  f J p )  Freq V 6 8  NDPN JP f  J P )  Frea 

FCAS KLGGF SAETLY 2 . 3  1 / 1 0  FCAS SEGLSS YEQY 2 . 7  1 / 1 0  
FCAS KTGGF SAETLY 2 . 3  2 / 1 0  FCAS GVTLSS YEQY 2 . 7  1 / 1 0  
FCAS KTGV SAETLY 2 . 3  1 / 1 0  FCAS GDWGAG EQY 2 . 7  1 / 1 0  
FCAS SDWGN YAEQF 2 . 1  2 / 1 0  FCAS GDGI EQY 2 . 7  1 / 1 0  
FCAS RI GNTLY 1 . 3  2 / 1 0  FCAS GDAKGTLK DTQY 2 . 5  1 / 1 0  
FCAS GDVGGAS EQY 2 . 7  1 / 1 0  FCAS GGSI NQDTQY 2 . 5  1 / 1 0  

FCAS GDATAA NTGQLY 2 . 2  1 / 1 0  
FCAS SDGR YAEQF 2 . 1  1 / 1 0  
FCAS SDEGGR QNTLY 2 . 4  1 / 1 0  
FCAS GAPGS NSDYT 1 . 2  1 / 1 0  

^ - V beta family designation.'' - diversity region. ' - joining region.- joining region designation, 
' - frequency of occurence. 
The clones which were found in the TIL and TRL populations are shown in italics. 

Comparison of the CD3 Chains Between the TILs and TRLs 

The data above indicated that CTLs were present in the freshly isolated TILs although 

they were capable of recognizing and destroying autologous EMT6 tumor cells only after 

in vitro stimulation. In order to determine if the lack of cytotoxicity of the freshly 

isolated TILs was due to a defect in signaling, the gene expression of CDS y, 6, u, and x] 

were examined by RT-PCR (Figure 12). Surprisingly, the level of gene expression for the 

CDS 6, and r| chains was higher in the TILs than in the TRLs (Figure 12). The level of 
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CDS Y was higher in the TRLs (Figure 12). The concomitantly tumor immune spleens 

which represented lanes 3,6,9, and 12 consistently showed lower gene expression levels 

for CDS Y, 6, K,, and compared to the TILs and TRLs. In order to assure equal amounts 

of T cell RNA were present in the TIL and TRL samples, RNA was isolated from an 

equal number of Thy 1.2 + cells. 

Y 6 C T| 
1 2 3 4 5 6 7 8 9 10 11 12 

•—5 
fnH 
1^/501 bp 
««—404bp 
*^*^320bp 
•^^242bp 

Figure 12. CDS y, & ond rj gene expression in the TILs and TRLs. RT-PCR was 

performed using primers specific for the Y, 6, and rj chains of the CDS signaling 

complex. Lanes I, 4, 7, and 10 represent the TILs, lanes 2, 5, 8, and 11 represent the 
TRLs, and lanes S, 6,9, and 12 represent the concomitantly tumor immune spleens. The 
data shown are representative of three separate exp)eriments. 

Western Blot Analysis of TCR Signaling Proteins in TILs and TRLs 

Due to the unexpected results with the CDS chain RT-PCR, western blots were used 

in order to examine the actual level of the signaling proteins CDS p59'-p56''^'^ and the 

tyrosine phosphorylation pattern in TILs and TRLs. The data showed that the protein 

expression levels of p59^" and CDS ^ were similar between the TILs and TRLs (Figures 

m 

UUmT 
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13C and 13E). The TILs however, showed an altered tyrosine phosphorylation pattern 

compared to the TRLs (Figure 13A). The level of p56''^'' protein expression in the TILs 

and TRLs was also examined, however the results were inconsistent. These results 

demonstrated that proteins at -70, 80, 120, and 200 Kd were differentially 

phosphorylated in the TILs and TRLs. 

PhosDhotvTQSine 

A B 
TIL TRL TIL TRL 

200Kd' 

TIL TRL TIL TRL TIL TRL 
66Kd 
41Kd 

Figure 13. Western blot analysis of signaling molecules in TILs and TRLs. In order to 
determine if there were any differences in the signaling abilities of the TILs and TRLs 

western blots were performed using antibodies specific for phosphotyrosine, CD3 ^ and 

p59'^". The lysates for the western blots were taken from an equal number of viable 
lymphocytes in the TIL and TRL populations as determined by flow cytometry (TILs 
were 76 % Thy 1.2 + and TRLs were 90 % Thy 1.2 +). The amount of protein per lane 
is equivalent to 5x10"* cells for the phosphotyrosine and p59^ " blots, and 1.5x10' cells for 

the CD3 ^ blots. Membranes A, C, and E were probed with the antibodies indicated, and 

membranes B, D, and F are the conjugate controls. 
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CHAPTER 4 

DISCUSSION 

The investigation of anti-tumor immime responses has been limited to the analysis of 

progressing tumors (1-5, 7-9). Tumor infiltrating lymphocytes (TILs) from rejected or 

regressing tumors should provide information on the requirements for an effective anti

tumor immune response. To date there has been only one study that has examined TILs 

in a spontaneously rejected human melanoma (22). In that study the V beta TCR usage 

and clonality of the T cell response was investigated. Although, vp TCR restriction was 

found, there was no investigation of a progressing melanoma from the patient in order to 

determine if an alteration of the Vp TCR repertoire was necessary for tumor rejection to 

ensue. The literature does however reveal many cases where rejection may occur using 

tumor cells transfected with cytokine genes (14-21). These studies have yielded 

significant information concerning anti-tumor immune responses. For example, tumor 

cells may be rejected upon transfection with IL-2, IFN-y, or IL-12 (14-18). These 

studies emphasize the importance of a T helper 1 response, particularly CDS + T cells in 

tumor rejection (14-18). Cytokines which drive the T helper 2 subset of T helper cells 

such as EL-4, IL-6, and EL-10 have also been shown to elicit a rejection response when 

expressed by tumor cells (19,20,21). These studies implicated macrophages, NK cells 

and eosinophils in the rejection response (19, 20, 21). 
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Although, the information gained through these studies are extremely valuable, immune 

stimulation was necessary in order to elicit the rejection response. Also, the therapies do 

not reveal the requirements for tumor rejection. For example, IL-2 increases the CTL 

response and decreases the Th2 response. Interleukin-4 increases the Th2 response and 

decreases the Thl response. Yet, both IL-2 and IL-4 transfected tumor cells have 

successfully been used to immunize mice. Therefore it is very difficult to determine how 

these cytokine transfected tumor cells elicit a successfiil anti-tumor immnune response. 

One way to avoid this predicament is to develop a tumor rejection model which does not 

incorporate immunotherapy. 

Concomitant tumor immunity is a tumor rejection model in which an animal bearing a 

primary progressing tumor rejects a secondary tumor challenge (24). If it is possible to 

retrieve the cells mediating tumor rejection one could study the parameters necessary for 

rejection to occur. This is achieved using the sponge model of concomitant tumor 

immunity in which the secondary tumor challenge is delivered into a preimplanted gelatin 

sponge in order to capture components necessary for tumor rejection (26). The 

simultaneous comparison of the immune components in the primary progressing tumor 

and the secondary tumor rejection site allows the identification of cells and soluble factors 

which are unique to the tumor rejection site and may contribute to tumor rejection. Using 

this model we have compared the T cell response to progressing and rejected tumors and 

investigated the cytokine gene expression patterns associated with each site. 
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Cells Mediating Tumor Cytolysis in Vitro 

The ability of T cells to lyse autologous tumor cells in vitro was investigated in an 

eight hour ^'Cr release assay. The tumor rejecting lymphocytes (TRLs) showed 

significant cytolysis of the EMT6 tumor. The cytotoxicity ranged from 19 % at an 

effector to target ratio of 7.5 ; 1 to 52 % at a 30 : 1 effector to target ratio. The TRLs, 

which mediated the cytotoxicity of the EMT6 tumor cells were further shown to be 

MHC class I restricted and dependent upon CDS + T cells. The low level of killing seen 

against the, natural killer cell (NK) sensitive, YAC-l targets revealed a low level of NK 

cell activity was also present in the TRL population. Significantly, the TILs showed no 

cytolysis of either the EMT6 or the YAC-l targets suggesting they were incapable of 

mediating either T cell or NK cell cytotoxicity. The differing cytotoxic activity of the T 

cells from both sites suggested that either 1) different populations of T cells were present 

at each site, or 2) similar T cells were present, but the T cells from the progressing tumor 

site were suppressed. 

V Beta TCR Analysis 

In order to determine if the phenotypes of T cells present in the TEL and TRL 

populations were different, the usage of the Vp TCRs was examined using RT-PCR. The 

analysis showed that similar Vp TCRs were used at both progressing and rejected tumor 

sites. However, Vp I and Vp 8 TCR bearing T cells were predominant in the TIL and 

TRL populations in response to the EMT6 tumor cells. This information implied that 
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the T cell responses to a progressing tumor and to a rejected tumor were the same with 

respect to the TCR Vp usage. The fact that the most predominant Vp TCRs present in 

the progressing and rejected tumor sites were the same, was supported using two 

additional tumor models of concomitant immunity. The TILs and TRLs in the 168 

concomitant tumor immunity model showed a predominance of Vp 8 TCR bearing T 

cells. In the B16 model of concomitant tumor immunity Vp 5.1 and Vp 8 TCR bearing T 

cells were predominant in the TIL and TRL populations. 

In order to investigate the Vp TCR usage at a location distant from the tumor sites, 

the spleens from the concomitantly tumor immune animals were investigated. 

Additionally, the spleens from naive non-tumor bearing mice provided a baseline level of 

vp TCR usage in the spleens of these animals. The data revealed a pattern in which the 

vp 1 and vp 8 TCR usage were increased in the concomitantly tumor immune spleens 

compared to the naive spleens. Furthermore, the level of vp 1 and Vp 8 TCR usage was 

even greater at the locations where the tumor cells were found. These data suggested that 

there was a proliferation of the Vp 1 and Vp 8 TCR bearing T cells in tumor bearing mice, 

and possibly a recruitment to the locations where the tumor cells were found. The fact 

that the T cells which predominated at the tumor sites were found at increased 

frequencies in the concomitantly tumor immune spleens than in the naive spleens was 

ftirther substantiated in the 168 and B16 concomitant tumor immunity models. There 
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appeared to be a proliferation and/or recruitment of vp 8 TCR bearing T cells in response 

to the 168 tumor cells and Vp 5.1 and vp 8 TCR bearing T cells in response to the B16 

tumor cells. 

Complementarity Determining Region 3 Analysis 

These results confirmed that the same V beta TCR bearing T cells predominated the T 

cell immune response in progressing and rejected tumor sites. Additionally, a ^'Cr release 

assay showed that the Vp 8 TCR bearing T cells were involved in the EMT6 cytolysis. 

However, blocking the Vp 8 TCR bearing T cells did not completely inhibit all of the 

cytotoxic activity of the TRLs. This suggested that the Vp 8 TCR bearing T cells were 

not the only cells responsible for the tumor cell cytotoxicity. Although the Vp TCR 

analysis suggested that Vp 1 TCR bearing T cells were involved in the response to the 

EMT6 tumor cells, an antibody to this Vp TCR was not commercially available and 

therefore another method had to be employed to examine the role of these cells in the 

anti-tumor immune response. The CDR3 regions were chosen for analysis because this 

region of the TCR p chain shows the greatest diversity and is a contact point between the 

TCR and peptide MHC complex (34). Additionally, Sensi and Parmiani (9) have 

summarized an extensive amount of literature on TCR analysis and showed that clonality 

within the CDR3 region was restricted and therefore indicative of a specific anti-tumor 

immune response. 
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Upon examination of the CDR3 regions of the TILs and TRLs in the EMT6 tumor 

model we found that the most predominant clones present within the TIL population 

were also the most predominant clones present within the TRL population. The 

presence of the same T cell clones in the progressing and rejected tumor sites was also 

found using the 168 and B16 models of concomitant tumor immunity. These data 

therefore demonstrated that the most predominant T cells present at the sites of tumor 

progression and rejection were similar not only with respect to their vp usage, but also 

with respect to the most predominant clones within that Vp family. Moreover, the 

clones which predominated the response in each of the three tumor systems differed and 

therefore were tumor specific. 

The frequency of these clones in the concomitantly tumor immune spleens was 

examined in order to determine whether the splenocytes were responding to the tumor 

cells. The data showed that the most predominant TCRs present in the progressing and 

rejected tumor sites accounted for less than 1 % of the cells in the immune splenocytes. 

Significantly, this pattern held with the EMT6, 168, and B16 tumor systems suggesting 

the phenomenon was universal with respect to these three models. These data suggested 

that the frequency of the most predominant clones at the tumor sites was much greater 

than that seen in the splenic population. This is probably because the spleen is a major 

lymphoid organ with lymphocytes expressing differing specificities and therefore the 

frequency of tumor reactive CTLs is lower than that seen at the sites were the tumor cells 
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were found. Additionally, if an animal was bearing a primary progressing EMT6 tumor 

and the sponges were injected with PBS, the sequences of the Vp 1 and vp 8 TCR 

bearing T cells within the sponge bore no similarity to those clones which predominated 

the response in the progressing tumor. This finding strongly suggested that the T cell 

infiltration into the sponges was dependent upon the presence of tumor cells within the 

sponge matrix. Overall, the Vp TCR analysis suggested that the T cell accumulation, at 

the tumor site, could have resulted from proliferation and/or recruitment. 

Cytokines Associated with Tumor Rejection 

In an attempt to explain why the effector flmction of the TILs and TRLs differed 

despite the fact that identical T cells predominated at both tumor locations, the in vivo 

envirorunents from which the cells were isolated were examined for gene expression of 

1) cytokines which increase the Thl (lL-2, IL-12, IFN-y) and Th2 response (IL-4), 2) 

immunosuppressive cytokines (IL-10, TGF-P), and 3) a cytokine which may mediate 

cytolysis of tumor cells (TNF-a). The data revealed that cytokines which upregulate the 

Thl arm of the immune system (IL-2, IL-12, and IFN-y) were expressed at greater levels 

at the sites of tumor rejection. This information coincides with the role of Thl cells in 

increasing the CTL response. This was especially interesting since CD 8 + T cells were 

shown to mediate tumor cytolysis in vitro. The gene expression of IL-4 was investigated 

due to reports which suggested this cytokine may play a role in mediating tumor rejection 

responses in vivo. We report here a greater gene expression of IL-4 at the tumor rejection 
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site rather than the progressing tumor site. These data suggest IL-4 plays a role in tumor 

rejection in concomitant tumor immunity. Whereas, this study has not shown what this 

role may be, Tepper et al. (19) suggested that the rejection of IL-4 transfected tumor cells 

may have been associated with the ability of lL-4 to recruit macrophages and eosinophils 

to the tumor site. Interleulcin-10 was examined due to its immunosuppressive abilities 

such as decreasing antigen presenting capabilities and cytokine production (35,36). The 

hypothesis was that IL-10 may have aided in the creation of an immunosuppressive 

environment in the progressing tumor sites. However, the data revealed that the gene 

expression of IL-10 was greater at the tumor rejection site. This observation is in 

concordance with the ability of EL-10 to cause proliferation of preCTLs, and to be 

chemotactic for CDS + T cells (37,38). Additionally, Giovarelli et al. (21) have shown 

that tumor cells transfected with the cDNA for IL-10 were rejected in vivo. These results 

suggest IL-10 does play a role in tumor rejection possibly through the recruitment of CDS 

+ T cells and the proliferation of preCTLs. The ability of TNF-a to directly cause 

cytolysis of tumor cells suggests that it may aid in tumor rejection (39). Our data reveal 

that the gene expression of TNF-a was greater at the sites of tumor rejection. Therefore, 

TNF- a also appears to play a role in the tumor rejection response during concomitant 

tumor immunity. Finally, TGF-P, an immunosuppressive cytokine (40), was expressed 

at greater levels in the progressing EMT6 and B16 tumors. These data suggested that 

TGF-P may play a role in creating an immunosuppressive environment in the progressing 
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tumors. This may also help to explain the lack of effector cell function of the TILs. 

However, the expression of TGF-p in the 168 model of concomitant tumor immunity 

revealed higher gene expression at the site of tumor rejection. Although, gene expression 

does not always correlate with protein expression (41), these data suggested that there 

may be additional factors present within the progressing tumor which contribute to 

creating an immunosuppressive environment. These data also suggest that the presence 

of TGF-P may not necessarily mdicate an immunosuppressive environment, and that a 

combination of factors are likely responsible for the outcome of tumor growth. Overall, 

however the greater gene expression levels of IL-2, IL-4, IL-10, IL-I2, IFN-y, and TNF-a 

at the rejected tumor sites for all three tumor models strongly implicate these cytokines in 

tumor rejection. 

Cytotoxic Activity of the TILs and TRLs After in Vitro Stimulation 

The cytokine analysis suggested that a lack of immunostimulatory cytokines at the 

progressing tumor sites may have played a role in the lack of effector cell function of the 

TILs. A five day mixed lymphocyte tumor culture (MLTC) was employed in an attempt 

to discern if the TILs could cause cytoiysis of the EMT6 tumor cells after being placed in 

an environment consisting of IL-2, antigen presenting cells, and antigen. The data 

indicated that the TDLs were capable of recognizing and destroying the tumor cells after 

the MLTC. The addition of TGF-p, which can inhibit the maturation of preCTLs to 

CTLs (40), to the MLTC suggests that the effector cell fimction of the TILs after the 
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MLTC did not appear to be a result of a proliferation of cells in culture (the number of 

TILs recovered after the MLTC were also less than or equal to the number of TILs placed 

in culture). With the addition of this cytokine to the TRL MLTC there was no increase 

in cytotoxicity. This indicated that the increase in TRL cytotoxicity after the MLTC, 

without TGF-p, was due, not to a proliferation of the CTLs, but a maturation of the 

preCTLs to CTLs. Upon addition of TGF-p to the TIL MLTC one half of the 

cytotoxicity was seen as compared to the MLTC in the absence of TGF-p. Therefore, 

the initial TIL population must have contained CTLs, and preCTLs, both of which were 

suppressed. After the MLTC, in the presence of TGF-P and IL-2, the CTLs regained 

their effector function and were now capable of destroying the tumor cells. After the 

MLTC, with IL-2 alone the CTLs recovered the effector function and the preCTLs 

matured to CTLs doubling the cytotoxicity. These data indicated that the TILs were 

capable of recognizing and destroying the tumor cells after being removed from the in vivo 

environment and being placed in an immunostimulatory environment consisting of IL-2, 

antigen presenting cells, and antigen. 

Vp TCR Repertoire of TBLs and TRLs After the MLTC 

The cytotoxicity of the TILs after the MLTC suggested that these cells were released 

from immunosuppression. However, the level of cytotoxicity by the TILs after the 

MLTC was lower than the TRLs suggesting that either 1) the TILs did not completely 

recover from the in vivo immunosuppression or 2) the TRL population contained a 
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greater number of tumor reactive CTLs. In order to determine if the cytotoxicity after the 

MLTC correlated with the increased usage of Vps associated with the in vivo tumor 

rejection response the vp TCR usage of the TILs and TRLs was investigated after the 

MLTC. An increase in Vp 1 and Vp 8 TCR bearing T cells was predicted due to their 

apparent role in the in vivo response to the EMT6 tumor cells. A greater number would 

be expected in the TRL population because these cells showed greater cytolysis of EMT6 

tumor cells than the TILs. However, after the MLTC the percent usage of these Vp TCR 

bearing T cells decreased. Although, the number of vp 1 and vp 8 TCR bearing T cells 

decreased after the MLTC this decrease may have been the result of an increase in the 

other Vp TCR bearing T cells. Regardless, there did not appear to be a predominantly 

used vp TCR bearing T cell in either the TIL or TRL populations. One explanation for 

this is that there may have been a loss of the Vp 1 and vp 8 TCR bearing T cells which 

were not capable of responding to the tumor cells in vitro. Additionally, although the 

growth of T cells in culture is a fairly common practice today, there is presently no way 

to predict which cells will survive in culture and whether or not they will function in vivo 

or in vitro. If a population of Vp I and Vp 8 TCR bearing T cells died out in culture then 

the remaining cells could appear more oligoclonal upon examination of their CDR3 

regions. An examination of the CDR3 regions did not reveal whether or not a population 

of tumor reactive cells were growing in culture. There was an increase in clonality in the 
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Vp 1 compartment. Yet, these clones were more frequent in the TIL population, which 

showed less cytolysis than the TRL population, making it difficult to determine their role 

in response to the tumor cells. CDR3 analysis of the Vp 8 compartment of the TELs and 

TRLs showed an increase in clonality. The TIL and TRL populations showed no similar 

CDR3 sequences. This could indicate that cytolysis after the MLTC is not restricted to 

one vp family. A ^'Cr release assay after the MLTC in the presence of blocking 

antibody directed against different vp TCRs would help to resolve this issue. 

Surprisingly the clones which predominated the Vp 8 response prior to the MLTC, jp 

1.6, were not detected after the MLTC. Therefore, the only conclusion which can be 

drawn from the annalysis of the TCRs after the MLTC is that they differ from those 

prior to the MLTC. Therefore, if one is interested in determining which cells respond to 

the tumor in vivo one needs to evaluate the cells before they are placed into culture. 

Signaling Proteins in TELs and TRLs 

The TILs and TRLs were examined for differences in their signaling abilities in an 

attempt to explain their differing effector cell functions. The CDS complex was 

investigated initially due to its role in T cell signal transduction. Four or five different 

proteins make up the CDS complex; y, 6, e, and ^ which may form a homodimer or a 

heterodimer with t] (42). Although each protein possesses an intracellular tyrosine based 

activation motif (ITAM), CDS ^ is believed to flmction as the main signal transducing 
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protein because it is necessary and sufficient for signal transduction (43). CDS u also 

interacts with the zeta associated protein ZAP-70 which is essential in T cell signal 

transduction (44). An alteration in the expression of these proteins could alter the 

responsiveness of the T cells. Additionally, Jamicki et al. (45) suggested that the 

decrease in TIL effector fianction was due to a decrease in CD 3 y, 6, and C gene 

expression. However, we found the CDS chains 6, ^ and T] were expressed at greater 

levels at the progressing tumor sites, and CDS y was expressed at slightly higher levels in 

the rejected tumors. Although, the gene expression levels of 6, ^ and were higher in the 

TILs, it has been documented that messenger RNA expression does not always correlate 

with protein expression (41). In order to determine if a correlation existed between RNA 

and protein expression, western blot analysis was employed in order to examine the 

protein expression levels of CDS Additionally, the protein expression of pSQ*^", 

p56''^'^ and the tyrosine phosphorylation pattern were investigated due to reports that the 

defect in TIL effector cell function may be due to decreased expression of these proteins 

(reviewed by Gansbacher and Zier, 46). 

The CDS ^ protein was chosen because of its essential role in T cell signal 

transduction as mentioned above. The 56 Kd protein Lck and the 59 Kd protein Fyn 

belong to the src protein tyrosine kinase family and are involved in T cell signal 

transduction (47). Lck associates with the CD 4 or CD 8 molecules and with the [L-2 
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receptor (47,48). Fyn associates with the CD3 ^ protein and has recently been shown to 

associate with ZAP-70 (49, 50). The phosphotyrosine pattern is important because 

tyrosine phosphorylation is an early and essential event in T cell signaling, and activation 

(42). Although the protein expression levels of CDS ^ and p59^" were comparable 

between the progressing and rejected tumor sites, the two sites differed in their tyrosine 

phosphorylation pattern with alterations observed in phosphorylated proteins at -70, 80, 

120, and 200 Kd. The differences in effector cell activity therefore cannot be attributed to 

differences in protein expression levels of CD3 ^ and p59^". The protein expression 

pattern of p56''^'^ was inconsistent. The reason for the inconsistency of p56''^'^ expression 

cannot be explained at this time. The altered tyrosine phosphorylation pattern showed 

that the TILs differ firom the TRLs, however whether this hypophosphorylated pattern 

in the TILs was responsible for the lack of effector cell activity remains to be seen. An 

examination of the TIL phosphotyrosine pattern after the MLTC, at which time the cells 

were cytolytic, may reveal whether or not the alteration was associated with the lack of 

effector cell function. 

Summary and Conclusion 

The data shown revealed that whereas TRLs were cytotoxic towards tumor cells, TILs 

from progressing tumors were not. The vp TCR analysis showed that the most 

predominantly used TCRs at the TIL site were also the most predominantly used TCRs 

at the TRL site. Also, the CDR3 region analysis revealed that the most predominant 
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clones present in the progressing tumor sites were the most predominant clones present 

in the rejected tumor sites. These data strongly support the fact that the most 

predominant T cells present in the sites of tumor progression and rejection were the same, 

and suggest that the cytolytic ability of the TILs may be suppressed. 

In support of the suppressed nature of TILs in vivo, the stimulation of these cells in 

an MLTC in the presence of IL-2, antigen presenting cells, and antigen revealed that these 

cells could mediate cytotoxicity. Phenotypically, the only difference observed between 

the TIL and TRL T cell populations was the altered phosphotyrosine pattern in the 

TILs. Whether this altered phosphotyrosine pattern contributed to their lack of effector 

cell activity remains to be determined. Investigations into the zeta associated protein 

(ZAP 70) and CD 45 expression may prove rewarding. The phosphotyrosine pattern in 

the TILs showed a hypophosphorylated protein at 70 Kd which may represent the ZAP 

70 protein. Salvadori et al. (51) showed that ZAP 70 expression was decreased in TILs 

from progressing tumors. CD 45 is a 200 Kd protein tyrosine phosphatase which is 

important in T cell signal transduction (52) and may represent the 200 Kd 

phosphorylated protein which was detected in the TRLs but lacking in the TELs. The 

inactivation of these two proteins in TILs could block the activation and therefore 

effector function of the TILs. 

A role for TGF-P has been proposed for the tumor induced immune suppression in 

the progressing tumor sites of the EMT6 and B16 models of concomitant tumor 
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immunity due to the higher level of TGF-p gene expression at these sites. In support of 

the role of TGF-P in tumor induced immune suppression Fitzpatrick et al. (53) have 

shown that TGF-p producing tumor cells transfected with the anti-sense TGF-p cDNA 

displayed reduced tumorigenicity. Significantly, Park et al. (54) have shown that EMT6 

tumor cells transfected with anti-sense TGF-p cDNA also display reduced 

tumorigenicity. Additionally, Torre-Amione et al. (55) reported that the transfection of a 

highly immunogenic tumor with TGF-p increased tumorigenicity. These studies indicate 

that TGF-p may play a role in tumor induced immune suppression. However, the role of 

TGF-p has been clouded by t%vo observations: I) the greater level of TGF-p gene 

expression at the tumor rejection site in the 168 model of concomitant tumor immunity 

makes it unlikely TGF-p was responsible for the tumor induced immune suppression in 

the 168 system, 2) TNF-a and TGF-p are expressed by EMT6, 168, and B16 tumor 

cells (data not shown) and because TGF-p and TNF-a have opposing effects; IL-2R 

expression, CTL maturation, and EL-l expression (TNF-a increases all three whereas 

TGF-P decreases all three, 56), the combined effect of these two cytokines is difficult to 

infer and therefore requires additional investigation. 

Finally, the suppressed nature of TILs may be attributed to lower levels of IL-2, lL-4, 

IL-10, IL-12, IFN-y, and TNF-a gene expression in all three models of concomitant tumor 

immunity. Investigations involving cytokine transfected tumor cells (14-21, 57), have 
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supported a role for these cytokines in tumor rejection. Moreover, Litton et al. (58) have 

reported that IL-2, IL-4, lL-5, DL-IO, IL-12, IFN-Y, TNF-a, GM-CSF, and 

TGF-p were the most predominant cytokines associated with a specific antitumor 

immune response. These findings support a role for these cytokines in orchestrating an 

effective anti-tumor immune response. Significantly, McAdam et al. (59) have shown 

that EMT6 tumor cells transfected with the gene for IL-2 were rejected in vivo. These 

data directly support the necessity for IL-2 in the rejection response to the EMT6 tumor. 

Additionally, Salvadori et al. (60), using IL-2 transfected fibrosarcomas, have shown that 

TILs from IL-2 transfected timior cells, not only reject tumors in vivo, but have a normal 

tyrosine phosphorylation pattern compared to the abnormal pattern in TILs from 

progressing tumors. Salvadori's study has shown a direct correlation between IL-2 

production at the tumor rejection site and normal tyrosine phosphorylation in TILs 

associated with rejected tumors. Overall, these reports all support the role of cytokines 

in effective anti-tumor immune response. 

In conclusion, we have shown that the same T cells respond to progressing and 

rejected tumors. Therefore, tumor progression is unlikely due to the lack of the necessary 

T cells present within the timior environment. However, T cells from the progressing 

tumor sites differed in effector cell activity than T cells fi-om rejected tumor sites. The 

lack of effector cell function in TILs has been correlated with a decreased gene expression 

of immunostimulatory cytokines within the tumor microenvironment, and an altered 
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tyrosine phosphorylation pattern. This study has therefore emphasized the role of the 

tumor microenvironment in controlling the outcome of tumor growth. An immunization 

strategy aimed at boosting the anti-tumor immune response, and specifically capable of 

eliciting lL-2, IL-4, lL-10, [L-12, IFN-y, and TNF-a, may prove beneficial in preventing 

tumor growth or causing the rejection of established tumors. 
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Appendix A 
Buffers and Media 

alpha-lO-Minimal Essential Media (a-lO-MEM) 

lO.OSg MEM (Gibco BBIL, Gaithersburg, MD), 2.2g NaHCOj (Fisher Scientific, 
Pittsburgh, PA), 10ml penicillin G/streptomycin sulfate (penicillin G - 5000 units/ml, 
streptomycin sulfate - 5000 ug/ml, Gibco BRL ), 10% Fetal Bovine Serum (FBS, Intergen, 
Purchase, NY), qs to 1 liter with dHjO 

alpha-lO-Waymouth's (a -lO-Waymouth's) 

13.8g Waymouth's (Gibco BRL), 2.2g NaHCOs, 10ml penicillin G/streptomycin sulfate, 
10% FBS, qs to I liter with dH^O 

complete RPMI (cRPMI) 
10.4g cRPMI (Gibco BRL), 2.0g NaHCOs, 10ml penicillin G/streptomycin sulfate, 10% 
heat inactivated FBS, qs to I liter with dH:© 

alpha- lO-LAK media (a-10-LAK) 

10.4g cRPMI (Gibco BRL), 2.0g NaHCOj, 12.0mg sodium pyruvate (Sigma Chemical 
Co., St. Louis, MO), 1ml 2-Mercaptoethanol (5.5x10 ' M, 2-ME, Gibco BRL), 10ml 
penicillin G/streptomycin sulfate, 10% heat inactivated FBS, Ix MEM amino acids 
solution (Gibco BRL), qs to 1 liter with dHaO 

alpha-lO-MOPS (a-lO-MOPS) 

lO.OSg MEM, 4.0g 3-[N-morpholino]propane sulfonic acid (MOPS, Sigma), 400mg NaCl 
(Sigma), 13.5ml IMNaOH, 10ml penicillin G/Streptomycin sulfate, qsto 1 liter with 
dH,0 

Phosphate Buffered Saline (PBS) 
8g NaCl, 0.2g KCl (Fisher), 0.2g KH2PO4 (Fisher), 1.15g Na2HP04 (Fisher), qs to 1 liter 
with dH:0 

lOX Saline GM 
I Ig glucose (Fisher), 80g NaCl, 4g KCl, 3.9g Na2HP04, 1.5g KH2PO4, lOmI phenol red 
(Fisher), qs to I liter with dH^O 

solution VI 
15.4g MgS04 (Fisher), 1.6g CaCh (Fisher), 500ml dH20 
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Saline G 
100ml saline GM, 10ml solution VI. qs to 1 liter. pH 7.4 

western lysis buffer 
20mM Tris-HCl pH 8.0 (Calbiochem Corp., La Jolla, CA), 137niM NaCl, 10% glycerol 
(Sigma), 1% Triton X-lOO (Sigma), ImM NaVOi (Sigma), 2mM disodium 
ethylenediamine tetraacetate (EDTA, Fisher), ImM phenylmethylsulfonyl fluoride 

(PMSF, Sigma), IjAg/ml leupeptin (Sigma), l|xg/mlaprotinin(Sigma), l|xg/ml pepstatin 

(Sigma) 

2X SDS PAGE buffer 
18ml dHzO, 0.12g Tris base (Sigma), Ig sodium dodecyl sulfate (SDS, Gibco BRL), 0.2ml 
0.5 M EDTA pH 8.0,0.5ml 10% sodium azide (Fisher), 0. Ig bromphenol blue (Sigma), 
5ml 2-ME, 25ml glycerol 

1 OX Tris Buffered Saline (TBS) 
8g NaCl, 0.2g KCl, 3g Tris base, pH 7.4, qs to 1 liter with dHiO 

Blocking buffer 

500 ^1 polyoxyethylenesorbitan monolaurate (Tween 20, Fisher), Img/ml porcine gelatin 

type A (Sigma), 100ml lOX TBS, qs to 1 liter with dHjO 

PAB 
500 mis PBS, 2.5g bovine serum albumin (fraction V, Sigma), 5.0 ml 10 % sodium azide, 
filter sterilized 
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Appendix B 
Differential Celi Counts 

In order to determine the % lymphocytes in the enriched T cell populations a differential 

cell count was performed after staining the cytospin with the Leukostat Staining Kit 

(Fisher Diagnostics). Cell staining was performed as follows: 

1). 50 of cells at I X 10^ cells/ml were mixed with 50 jil FBS, centrifuged using 

cytospin slides (Cytospin 3, Shandon Scientific Limited, Chesire, England), and air dried 

for 5 minutes. 

2). The cells were then stained in Fixative Solution for 5 seconds. Solution I for 25 

seconds. Solution II for 30 seconds in coplin jars, were rinsed in H^O and air dried prior 

to the differential cell count. 

3). The cells were observed under the microscope (Carl Zeiss Inc., San Leandro, CA) at 

1000 X under an oil emersion objective. 
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Appendix C 
RNA Isolation 

mRNA isolation using the Micro-Fast Track mRNA Isolation Kit (Invitrogen) 

1). Cells are washed in PBS and the lysis buffer (I ml Stock Buffer + 20 fil RNase protein 

degrader) is preheated to 45 °C. 

2) .  Resuspend the cell pellet in the lysis buffer by thoroughly mixing. Incubate at 45 °C 

for 15 minutes. 

3). Add 63 fil 5M NaCl and mix using a I ml syringe with a 21 guage needle. 

4). Add Oligo (dT) cellulose tablet. Allow 2 minutes to dissolve and then rotate the tube 

(Robbins Scientific Corp.) for 15 minutes. 

5). Pellet the cellulose at 2,000 x g for 30 seconds, pour out the supernatant. Resuspend 

the pellet in 500 fil Binding buffer and pellet by centrifugation. Repeat this process 3 x. 

6). Resuspend the pellet in 300 ul Binding Buffer and transfer to a spin-column. 

Centrifuge 2,000 x g for 30 seconds and pour out the flow through. Add 500 |xl binding 

buffer and repeat this process 3 x. 

7). Wash the pellet in 200 ^1 Low Salt Wash Buffer and centrifuge at 2,000 x g. Reat this 

procedure Ix. 

8). Place the spin-colunm into a new microfiige tube and add 100 jxl Elution Buffer. 

Centrifuge at 2,000 x g for 30 seconds. Add another 100 JAI Elution Buffer to the pellet 

and centrifuge as before. The eluent now contains the mRNA. 

9). Precipitate the mRNA by adding 10 jil Glycogen carrier, 30 j^I Sodium Acetate, and 

600 jxl 100% ethanol. 

Total RNA isolation using the TRIzol Reagent (Gibco BRL) 

1). Add 1 ml of the TRIzol reagent to the cell pellet and mix thoroughly. 

2). Incubate at room temperature for 5 minutes. Add 200 [il chloroform, mix thoroughly 

and incubate at room temperature for 2 minutes. 

3). Centrifuge at 12,000 x g for 15 minutes at room temperature and transfer the aqueous 

upper layer to a clean microfiige tube. 

4). Precipitate the RNA by adding 1ml 100% ethanol. 
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Appendix D 
Nucleic Acid Quantitation 

Quantitation of DNA and RNA was performed as follows: 

1). A 1/50 dilution of the nucleic acid was made in H2O. 

2). The absorbance 260 (A260) was obtained using a spectrophotometer (DU Series 64, 

Beckman Instruments Inc., Fullerton, CA). The absorbance of H2O was used to zero the 

machine. 

3). The amount of nucleic acid was calculated as follows; 

A260 = 1 = 50 i^g/mi of double stranded DNA 

A260 = 1 = 40 ng/ml of single stranded RNA 

DNA mg/ml = (A260) x (50 jig/ml) x(dilution factor) 

RNA mg/ml = {A260) x (40 jig/ml) x (dilution factor) 

sample calculation: 

DNA 

A260 = 0.765 

dilution 1/50 

(0.765) X(50 ng/ml) x( 50) = 1.9125mg/ml 
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Appendix E 
cDNA S>Tithesis 

cDNA synthesis using the cDNA Cycle Kit (Invitrogen) 

1). 10 -100 ng of mRNA or 5 fig of total RNA was added to a clean 1.5 ml micro flige 

tube. 

2). Sterile Diethyl pyrocarbonate (DEPC, Sigma) treated H^G water was added to bring 

the volume up to 11.5 }a1. 

3). Add I nl Oligo dT Primer and heat to 65 °C for 10 minutes. 

4). Allow the tube containing the RNA to cool at room temperature for 2 minutes. 

5). Add 1 fil Rnase Inhibitor, 4 fil 5X RT Buffer, 1 jil 100 mM dNTPs, 1 fil 80 mM 

Sodium Pyrophosphate, and 0.5 [il AMV Reverse Transcriptase. 

6). Spin down the contents of the tube and incubate at 42 °C for 1 hour. 

7). Incubate at 95 °C for 2 minutes. Place the tube on ice for 2 minutes and add 0.5 ul 

AMV Reverse Transcriptase. 

8). Repeat step #6. 

9). Incubate at 95 °C for 2 minutes. Place the tube on ice for 2 minutes and spin to 

recover the cDNA. 



Appendix F 
Primers for RT-PCR 

The following primers were designed using the Oligo Program (National Biosciences, 
Plymouth, MN) by Dr. Samuel F. Schluter, Department of Microbiology/Immunology, 
University of Arizona, Tucson, AZ 85724. 

Vpi 5'GACGGTGCCCAGTCGTTTTAT3' (250bp) 

V p 2  5 ' A C A T G A G C C A A G G C A G A A C C T 3 '  ( l l O b p )  

V p 3  5 ' T G A A A A G G G A C A T C C A G T T G T 3 '  ( 3 5 0 b p )  

V p 4  5 ' A A G T C G C T T C C A A C T C A A A G 3 '  ( 2 5 0 b p )  

Vps.l 5' GGGAGAAAGGTCCATTCTAAA 3' (400bp) 

Vp5.2 5" GGGAGGAAGGTCCGTTCTGAC 3' (400bp) 

V p 6  5 ' A G G A T T C A G G G A A A G G A T T G A 3 '  ( 3 4 0 b p )  

Vp7 5' CGGAAGAAGCGGGAGCATTTC 3' (220bp) 

Vp8 5' CAGGAGGAAAGGTGACATTGA 3' (390bp) 

Vp9 5' GGGAAGCTGACACTTTTGAGA 3' (240bp) 

VpiO 5' CACAGGTGGGAAATGAAGTGT3' (380bp) 

Vpll 5^GCCCAATCAGTCGCACTCAAC3" (220bp) 

V p l 2  5 ' C C A G T T T C A G G C C A C A A T G A C 3 '  ( 3 7 0 b p )  

Vpl3 5' AGGGCAAGCTGTTTCCTTTTG 3" (380bp) 



Vpl4 5' GAGTCGGTGGTGCAACTGAAC 3' (260bp) 

Vpi5 5' CGTCAATCGCCTCAAAAGACA 3' (SOObp) 

Vpl6 5' TAGGACAGCAGATGGAGTTTC 3" (300bp) 

Vpi7 5' GGCTCTTTTGTTGCTGGAGTA 3' (450bp) 

Vpl8 5' TCCAGTGTGTGGCTGACAGTC 3' (350bp) 

V p i 9  5 '  G A A A C C G G G A G A A G A A C T C A A 3 '  ( 2 9 0 b p )  

C p  5 '  C G A G G G T A G C C T T T T G T T T G T  3 "  

IFN-Y (293bp) 

sense 5 '  G A C T C C T T T T C C G C T T C C T G  3 '  

a n t i - s e n s e  5 '  C T G G C A A A A G G A T G G T G A C A  3 '  

TNF-a (282bp) 

sense 5 '  C C A C A C C G T C A G C C G A T T T G  3 '  

anti-sense 5' T G G G G G C T G G G T A G A G A A T G  3 '  

TGF-p (236bp) 

sense 5 '  G A C C G C A A C A A C G C C A T C T A  3 '  

a n t i - s e n s e  5 '  G G C G T A T C A G T G G G G G T C A G  3 '  

rL-2 (198bp) 

sense 5' CCAAGCAGGCCACAGAATTGAAAG 

anti-sense 5" CTGACTCATCATCGAATTGGCACTC 

IL-4 (239bp) 

sense 5' TGACGGCACAGAGCTATTGTG 3' 

a n t i - s e n s e  5 ^  C C T T G G A A G C C C T A C A G A C G A C  3 '  



[L-12 p40 subunit (482bp) 

sense 5' GGAAGCACGGCAGCAGAATAA 3' 

anti-sense 5' AGCCAACCAAGCAGAAGACAG 3' 

The following primer sequences were obtained from Clontech Laboratories Inc., Palo 
Alto, CA, 94303. 

beta actin (540bp) 

sense 5' GTCGGCCGCTCTAGGCACCAA 3' 

anti-sense 5' CTCTTTGATGTCACGCACGATTTC 3" 

IL-IO (455bp) 

sense 5' ATGCAGGACTTTAAGGGTTACTTGGGTT 

a n t i - s e n s e  5 '  A T T T C G G A G A G A G G T A C A A A C G A G G T T T  

The following primers were designed using the Primer Design program in Mac Vector 
4.5.3 (Eastman Kodak Co., New Haven, CT). 

CD3 gamma (321 bp) 

sense 5' TTCAAGGCACTGTAGCCCAGAC 3' 

anti-sense 5' T GACCTCAGCGAAGATAAAGCC 3" 

CD3 delta(l93bp) 

sense 5' TGTGACCTGCAATACCAGCGTC 3' 

anti-sense 5' CTCCACACAGTTCTGGCACATTC 3^ 

CD3 zeta (457bp) 

sense 5' GGAAAGTGTCTGTTCTCGCCTG 3' 

anti-sense 5' GCATCATAGGTGTCCTTGGTGG 3' 

CD3 eta (272bp) 

sense 5' AAACAGCAGAGGAGGAGGAACC 

a n t i - s e n s e  5 '  A A G A C G C T G G C A C A G G A T T G  3 "  
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Appendix G 
Ligation Protocol 

In order to sequence PCR products they were first subcloned into the PGEM T vector 

(Promega, Madison, WI) as follows; 

1). 30 ^,1 of the PCR product was run on a I % agarose gel in I X TAE buffer at 100 

Volts for I hour. 

2). The gel was stained for 15 minutes in 10 jig/ml ethidium bromide (Sigma), destained in 

H2O for 15 minutes and visualized by LTV. 

3). The desired band was cut out of the gel and placed into a 1.5 ml microfuge tube. 

4). The DNA was extracted using the Qiaex Gel Extraction Kit (Qiagen Inc., Chatsworth, 

CA). 

Qiaex Gel Extraction Protocol: 

900 |xl QXl Buffer was added to the tube containing the DNA, and 10 |xl Qiaex 

Suspension. The tube was heated at 55 °C for 15 minutes. The Qiaex was spun down at 

14,000 xgfor 30 seconds. The supernatant was poured out and 500 ^1 of QXl Buffer 

was added. The Qiaex was resuspended and spun down as before. The Qiaex was then 

washed 2 x in PE Buffer. The Qiaex was dried under vacuum and the pellet was 

resuspended in 15 ^1 H2O, heated to 55 °C for 5 minutes, spun at 14,000 x g for 30 

seconds and the H2O containing the DNA was placed into a 0.5ml microfuge tube 

(Intermountain Scientific). 

5). 1 jxl POO, 1 [xl T vector, 2 |xl 10 T4 DNA ligase buffer, and 1 ^il T4 DNA ligase was 

then added to the tube. 

6). The ligation mix was incubated at 16 °C overnight (PT-100 Programable Thermal 

Controller, MJ Research). 
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Appendix H 
Competent Cell Protocol 

The following protocol was used to prepare competent bacteria. 

1). 50 ml E. coli DH5a (originally from Stratagene Cloning Systems, La Jolla, CA) were 

grown to early log phase in Terrific Broth (TB) 

2). Spin down cells 2000 x g for 10 minutes at 4 °C 

(keep bacteria on ice from this point on) 

3). Resuspend bacteria in 6 ml Buffer A 

4). Centrifuge 3000 rpm for 10 minutes at 4 °C 

5). Resuspend in 6 ml Buffer B 

6). Keep bacteria on ice for 30 minutes 

7). Centrifuge 3000 rpm for 10 minutes at 4 °C 

8). Resuspend bacteria in 2.5 ml Buffer B - 2.5 ml 50% glycerol in H^O 

9). Transfer 250 fxl aliquots per 1.5 ml microfuge tube 

10). Store at-70 °C 

TB; Prepare 900 ml H2O, 12g tryptone (Difco Laboratories, Detroit, MI), 24g yeast 

extract (Difco Laboratories), 4 ml glycerol (Sigma) and autoclave, separately prepare 

2.3 Ig KH2PO4, 12.54g K2HPO4 (Fisher) bring to 100ml with HjO and autoclave. Mix 

the phosphate buffer with the TB after they cool to room temperature. 

Buffer A; 10 mM MOPS pH 7.0, 10 mM RbCl (Aldrich Chemical Co., Milwaukee, WI) 

Buffer B; 100 mM MOPS pH 6.5, 50 mM CaCl;, 10 mM RbCl 
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Appendix I 
Transformation Protocol 

The transformation protocol was as follows: 

1). Competant E. coli were thawed on ice. 

2). The ligation was mixed with 70 ul competant cells in a 1.5 ml microfuge tube and 

incubated on ice for 1 hour, heated to 42 °C for 40 seconds and then place on ice for 2 

minutes. 

3). 230 ul SOC media was added. 

4). The tubes were incubated at 37 °C for 1 hour while rotating (Robbins Scientific 

Corp.). 

5). TB ampicillin plates were prepared by mixing 1.5 g agarose with 100 ml TB. 

Dissolve agarose by microwaving. They were cooled to 60 °C and 100 ^1 ampicillin 

(BMB) was added. 20 ml/ 10 cm plate (Fisher Scientific) was poured. 5-Bromo-3-

indolyl-beta-D-galactoside (X-GAL, Research Organics Inc., Cleveland, OH)/IsopropyI-

beta-D-thiogalacto-pyranoside, dioxane free (IPTG, Rsearch Organics Inc.) was added to 

the plates by mixing 40 [.il X-GAL (Sigma), 16 fxl IPTG (Sigma), 44 [xl H20/plate and 

spreading over the plate. 

6). 100 (A1 of the transformed E. coli were spread on the plates and incubated at 37 °C 

for 24 hours. 

X-GAL: 20mg X-GAL is dissolved in 1 ml dimethylformamide (Sigma). 

IPTG: 2g IPTG is dissolved in 8 ml HiO, bring to 10 ml, filter sterilize. 

Ampicillin; 250 mg ampicillin is dissolved in H2O and filter sterilized. 

SOC: 5g tryptone, 1.25g yeast extract, 0.15g NaCl, 0.05g KCl, 245 ml H2O, pH to 7.0. 

Autoclave and add 2.5 ml 2M Mg++ solution (IM MgS04, IM MgCN, Fisher), add 2.5 

ml 2M glucose, bring volume to 250 ml. 
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Appendix J 
Sequencing fviiniprep, DNA Isolation 

Plasmid DNA from the transformed £. coli was isolated as follows: 

1). The colony was grown up in 2 ml TB overnight. 

2). 1.5 ml of the culture was transfered to a 1.5 ml microfuge tube. 

3). The bacteria were spun down at 7,000 x g for 5 minutes, and resuspended in 150 ^l 

PI Buffer by vortexing. 

4). 170 fxl P2 Buffer was added and the tube was inverted 5 x. 

5). After 5 minutes 170 JAI P3 Buffer was added, and the tube was inverted 5 x. 

6). The tube was spun at 14,000 x g for 10 minutes, and the supemants were transfered 

to a clean microfuge tube. 

7). 1.0 ml 100% ethanol was added to the tube and incubated at -70 °C for 10 minutes. 

8). The DNA was spun down at 14,000 x g for 10 minutes. 

9). The DNA was washed with 70% ethanol, dried under vacuum and resuspended in 50 

^1 H20. 

PI Buffer: 50 mM Tris-HCl, 10 mM EDTA pH 8.0, 100 ng/ml RNase A(Sigma). 

P2 Buffer: 0.2 M NaOH, 1% SDS. 

P3 Buffer: 2.55 M potassium acetate pH 4.8. 
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Appendix K 
Restriction Digest Protocol 

Restriction digests of subcloned PGR products were performed by adding the following 

to a 1.5 ml microfuge tube and incubating at 37 °C for 1 hour. 

After the digest was complete 1 ^il of loading buffer was added to the digestion mi.xture 

and the digested DNA was then run on a 1.0 % agarose (ICN Biomedicals Inc., Aurora, 

OH) gel, containing IX TAE buffer in a submarine gel apparatus (Gibco BRL) with IX 

TAE buffer for 1 hour at 90 Volts. The gel was stained for 15 minutes in 10 ng/ml 

ethidium bromide (Sigma), destained in H2O for 15 minutes and visualized by UV. 

Loading buffer: 0.25% bromphenol Blue (Sigma), 0.25% xylene cyanol FF (Sigma), 30 % 

glyerol in H2O 

TAE buffer 50X: 242g Tris base, 57.1ml glacial acetic acid (Fisher Scientific), 100 ml 

0.5 M EDTA pH 8.0 

DNA (approximately 1 (xg) 

10 X buffer (buffer A, BMB) 

Apa-1 (10 Units/(il, BMB) 

Pst-1 (10 Units/|xl, BMB) 

H2O M u l  

20 |il 

2 ^ 1  

2 ^1 

1 111 

l|il 

total volume 

ethidium bromide stock: 10mg/mlH20 
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Appendix L 
Sequencing Protocol 

The Sequencing protocol using the Sequenase Version 2.0 DNA Sequencing Kit (USB) is 

as follows; 

1). Anneal the primer to the DNA by adding I ^.g DNA, I JAI (20 ng/|xl) primer, I fil 0.5 

M NaOH for a total volume of 7.0 ^1. Heat to 65 "C for 45 seconds then cool slowly to 

30 °C. 

2). While the DNA is cooling, fill and cap 1.5 ml microfiige tubes with the termination 

mixtures. For each clone to sequence set up 1 tube of ddGTP, 1 tube of ddATP, 1 tube 

of ddTTP, and I tube of ddCTP. 

3). Dilute the Sequenase Version 2.0 en2yme in TE (I ul enzyme + 7 jil TE) and 

maintain on ice. 

4). Pre-warm the termination tubes at 37 °C. 

5). To the annealed DNA mixture prepare the labeling reaction by adding: 1 ^xl 0.5 M 

HCl, 2 fil sequencing buffer, 4 |il Sequetide ([^^SjdATP, NEN). 

6). Transfer 3.5 ^1 of the labeling reaction to each termination tube and incubate for 5 

minutes at 37 °C. 

7). Stop the reactions by adding 4 JAI of stop solution. 

8). Heat the samples to 75 °C for 2 minutes immediately before loading the sequencing 

gel. 

sequencing buffer, 5X concentrate: 200 mM Tris-HCl, pH 7.5, 100 mM MgCU, 250 mM 

NaCl, 250 |.iM cresol red (Aldrich Chemical Co., Milwaukee, WI) 

stop buffer: 98% formamide (Sigma), 10 mM EDTA (pH 8.0), 0.025% bromophenol 

blue, 0.025% xylene cyanol FF 

TEMED: N,N,N',N'-tetramethylethylenediamine (Sigma) 
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Appendix M 
Sequencing Gel Preparation 

A standard 5 % polyacrylamide sequencing gel was prepared as follows: 

31.5 g urea (USB), 18 ml 5X TBE, 25.5 ml H2O, and 7.5 ml Lone Ranger (Ultrapure 

Reagent, J. T. Baker Inc., Phillipsburg, N.J.) were mixed until in solution. Next 375 ul 10 

% ammonium persulfate (APS) and 37.5 TEMED were added and the gel was 

immediatley poured into an IBI sequencing gel apparatus (Eastman Kodak Imaging 

Systems, New Haven, CT) and allowed to set for 30 minutes. 

3.5 jil of the sequencing reactions were loaded/lane and the gel was run in 0.6 X TBE 

buffer at 64 Watts for 2 hours 30 minutes for the short runs and 3 hours 45 minutes for 

the long runs. 

After the sequencing reactions were run the gel was transfered to 3MM paper 

(Intermountain Scientific) and dried under vacuum (Model 583 gel dryer, Biorad 

Laboratories Inc., Hercules, CA). 

Finally the gel was exposed overnight to autoradiographic film (BioMax film, Kodak) and 

developed (M35A X-OMAT Processor, Kodak). 

TBE buffer 5X: 54g Tris base, 27.5g boric acid (Fisher Laboratories), 20 ml 0.5 M 

EDTA pH 8.0 
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Appendix N 
V^iability Staining Protocol 

In order to determine cellular viability acridine orange and propidium iodide were used as 

described below. 

100 ^il of the cell suspension was added to a mixture of 100 ^1 acridine orange and 10 |xl 

propidium iodide. A 10 |j.l aliquat was then counted under the fluorescent microscope 

(Carl Zeiss Inc., San Leandro, CA) using a hemocytometer (American Optical Scientific 

Instruments, Buffalo, N. Y.). The viable cells take up the acridine orange and appear green 

, while the dead cells take up the propidium iodide and appear orange. 

The cell number was calculated as; 

cells/ml = # cells counted x 10e4 X dilution factor 

# squares counted 

The cell viability was calculated as; 

cell viabilitN' = viable cells/ml 

dead cells/ml 

acridine orange: 10 mg acridine orange (Sigma Immuno Chemicals), 10 ml PBS. 

propidium iodide; 2 mg propidium iodide (Sigma Immuno Chemicals), 10 ml PBS. 
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Appendix O 
SDS-PAGE Gel Prqjaration 

A standard 11% SDS-PAGE gel was prepared as follows; 

Main resolving gel; 7.7 ml of H20,15 ml of pH 8.8 buffer, 7.3 ml of Stock 1,0.75 ml 

ammonium persulfate (APS), and 45 fil of TEMED were mixed and immediately poured 

into the gel mold (Hoeffer Scientific Instruments). The gel was overalyed with water 

saturated butanol (Fisher Laboratories) and allowed to set for 15 minutes. 

Stacking gel; 3.76 ml ofH20, 5.0 ml of pH 6.8 buffer, 1.0 ml of Stock 2, 0.24 ml of APS, 

and 30 fxl TEMED were mixed, poured into the gel with the comb inserted and allowed to 

set for 15 minutes. 

Electrophoresis buffer: 125 ml 4X buffer concentrate, 375 ml H2O, and 

5 ml 10%SDS 

pH 8.8 buffer; 45.73g Tris base (Sigma), 450 ml H2O, adjust pH to 8.8 with HCl. Add 

2.5 ml 10% sodium azide (Sigma), bring volume to 500ml with H2O. 

pH 6.8 buffer: 3.02g Tris base, 80 ml H2O, adjust to pH 6.8 with Hcl. 

Stock 1; 52.11gaerylamide(USB), I.89gbis-acrylamide(AmrescoInc.,Solon,OH),68.3 

ml H2O. 

Stock 2: 30g acrylamide, 0.8g bis-acrylamide, 72 ml H2O. 

1% APS; 0. Ig ammonium persulfate (Sigma) in 10 ml HiO. 

4X buffer; 24.2g Tris base, 115.2g glycine (Sigma), 1 g sodium azide, bring to 1 liter with 

H2O. 
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Appendix P 
ECL Protocol 

The detection of horse radish peroxidase labeled antibodies were detected using the ECL 

protocol as follows: 

1). Mix an equal volume of detection reagent 1 with detection reagent 2 to give a volume 

sufficient to cover the membrane. (0.125miycm" membrane) 

2). Drain off the excess buffer from the washed membrane, and place the membrane on 

syran wrap with the protein side up. Cover the membrane with the mixture of detection 

reagents and incubate at room temperature for 1 minute without agitation. 

3). Drain off the excess detection reagent and wrap the membrane in syran wrap. Expose 

the membrane to autoradiographic film (BioMax film, Kodak) for 15 seconds. Remove 

the fihn and expose a piece of film for 1 minute. Remove the film and develop both films 

(M35A X-OMAT Processor, Kodak). 

4). Determine the optimal exposure time for detecting the proteins of interest. 
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Appendix Q 
Abbreviations 

TIL; tumor infiltrating lymphocytes 

TRL; tumor rejecting lymphocytes 

iSpleen; immune spleen 

nSpleen: naive spleen 

rL-2: interleukin-2 

IL-4: interleukin-4 

IL-10: interleukin-10 

[L-12: interleukin-12 

IFN-y; interferon-gamma 

TNF-a; tumor necrosis factor-alpha 

TGF-p: transforming growth factor-beta 

Vp TCR; V beta T cell receptor 

JP: joining region of beta chain 

MLTC: mixed lymphocyte tumor culture 

MHC: major histocompatability complex 

ICAM-1: intercellular adhesion molecule 1 

RT-PCR: reverse transcriptase polymerase chain reaction 

PBS; phosphate buffered saline 

TBS: tris buffered saline 



Appendix R 
Antibodies Used 

Antibody Label Isotype 

Anti-mouse IgG Horse radish peroxidase rabbit anti-IgG 

Anti-rabbit IgG Horse radish peroxidase goat anti-IgG 

Anti-human Fyn purified rabbit anti-IgG 

Anti-human Lck purified rabbit anti-IgG 

Anti-CD3 ^ purified mouse anti-IgG 

•Anti-phosphotyrosine purified mouse IgG2bk 

Anti-H2Kd purified mouse IgG2ak 

Anti-Thyl.2 purified rat IgG2bk 

Anti-Vb8.1/8.2 purified mouse IgG2ak 

Anti-Grl purified rat IgG2bk 

Anti-ICAM-1 purified 

.Anti-CD4 purified rat IgG2b 

Anti-CD8 purified rat IgG2a 

•Anti-CD 1 lb purified mouse IgGZb 

Supplier 

Sigma Immun Chem 

Sigma Immun Chem 

Upstate Bio. Inc. 

Upstate Bio. Inc. 

Pharmingen 

Upstate Bio. Inc. 

Pharmingen 

Pharmingen 

Pharmingen 

Pharmingen 

AMAC Inc. 

ATCC Hybridoma 

ATCC Hybridoma 

Caitag Laboratories 
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Approval for Aiiimai Use 

THE UNIVERSITY Of 

insmutiondi Ammai Ore ARIZONA Tucson. Anzona 85721 
anatseCommmw TuCSON ARIZONA 

Verification of Review 
By The Insiiculionai Animai Care and Use Commiitee (lACUC) 

Final Approval Granted 

PHS Assurance No. A-32-W-01 - USDA No. 86-3 

TTTLE; PROTOCOL CONTROL # 944W9 

'Immunological Characterization of Cell Involved in Anti-Tumor Immunity* 

PRINCIPAL INVESTIGATOR/DEPARTME.NT: 

Robert A. Kurt / Emmanuel T. Akporiaye - Microbiology & Immunology 

SUBMISSION DATE; March 13. 1994 APPROVAL DATE; April 21.1994 

GRANTING AGENCY; 

Arizona Disease Control Research Commission 

The University of Arizona Institutional Animal Care and Use Committee reviews all sections of proposals 
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