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ABSTRACT 

Tumor protein 052 (052) is an intracellular tumor-associated self-protein 

that is frequently over-expressed in human cancers. The unique characteristics 

and distribution of 052 make it a worthwhile target for cancer vaccine study. To 

examine the capacity of this protein to function as a cancer vaccine, 

immunocompetent DBA/2 mice were immunized with the murine orthologue of 

human 052, mD52, as a plasmid DNA-based vaccine or as a protein vaccine in 

combination with oligodeoxynucleotide (ODN). The vaccinated mice were 

challenged with syngeneic P815 tumor cells, a murine mastocytoma that 

naturally over-expresses mD52 and monitored for subcutaneous tumor growth. 

We hypothesize that immunization with mD52 will provide a significant delay to 

onset of tumor growth as compared to control immunizations. The ideal 

challenge dose of P815 tumor cells was determined empirically and 

ubcutaneous P815 tumor formation was evaluated following vaccination. Fifty 

s 
percent of mice immunized with m052 protein admixed with ODN remained 

tumor-free 31 days post-challenge (2/4) while only 10 percent of control mice 

remained tumor-free (1/10). These data suggest that vaccination with mD52-
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protein-based vaccines prolongs tumor-free survival following challenge with 

P815 tumor cells. 
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CHAPTER I 

CANCER RELATED DEATHS AND PROGRESS 

Introduction 

Lack of significant medical advances in cancer treatment or prevention 

Cancer remains a serious health issue despite medical and research-

related advances in the field . In the United States, in 2005 alone, more than 

500,000 deaths were attributed to cancer (American Cancer Society, 2008). This 

number accounted for nearly 23% of all of the deaths in the United States that 

year (American Cancer Society, 2008). Major advances have been made in the 

other leading causes of death including heart disease, cerebrovascular disease, 

influenza and pneumonia over the past 50 years, as measured by a decrease in 

disease related deaths, but the rates of cancer deaths have remained virtually 

unchanged (American Cancer Society, 2008). According to the American 

Cancer Society, men in the United States have a 1 in 2 probability, and women a 

1 in 3 probability, of developing some type of cancer during their lifetime 

(American Cancer Society, 2008). Improved treatments are critically necessary 

and an immunotherapeutic approach is an attractive option. 
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An immunotherapeutic approach to cancer 

An effective immune response against cancer should be specific, 

systemic, result in memory and have low to no side effects. This would require 

tumor-associated antigens in the tumor microenvironment to be picked up, 

processed and presented by antigen presenting cells. The presentation of the 

antigen in the context of class I MHC to narve CDS+ T cells will result in the 

priming of these na·ive cytotoxic T cells against that tumor-associated antigen. 

These cytotoxic T cells are now capable of lysing tumors expressing these 

antigens. 

Tumor-associated antigens 

Tumor-associated antigens can be virtually anything. They can be 

specific or non-specific for tumors, surface expressed or intracellular, protein or 

glycoprotein, self or non-self, mutated or non-mutated. Tumor-associated 

antigens fall into a range of immunogenicity and tolerance. The more highly 

tolerated a tumor-associated antigen is, the less immunogenic that particular 
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antigen is. The most immunogenic, and least tolerated, tumor-associated 

antigens are non-self antigens like viral proteins. The largest group of tumor-

associated antigens is comprised of the least immunogenic antigens, which are 

therefore most tolerated by the immune system, these self-antigens are non

mutated and are simply over-expressed in cancer. The highly tolerated and 

minimally immunogenic nature of these antigens requires that tolerance be 

broken in order to mount an effective immune response against them. Tumor 

protein 052 is a member of this minimally immunogenic and highly tolerated 

group of tumor-associated antigens. 

3 
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CHAPTER II 

XENOGENIC STUDY OF HD52 

Introduction 

Vaccination against the self-tumor associated antigen 052 

Tumor protein 052 (052) is a self-protein, approximately 27 kD in size, 

that is over-expressed in many cancers (Byrne et at., 1995). The over-

expression of 052 in cancer cells compared to benign cells implies involvement 

of this protein in cancer progression. Furthermore, in humans, 052 over-

expression appears to occur early in cancer development resulting in increased 

cellular proliferation and tumor formation (Boutros eta/. , 2004 ). Its unique 

characteristics including its association with transformation and metastasis make 

this protein an ideal target for cancer vaccination strategies. Targeting this 

protein has been shown to be an effective strategy in multiple murine models of 

cancer including a murine kidney sarcoma model (mKSA) in BALB/C mice 

(Payton et at., 2008) and a murine prostate cancer model (TRAMP) in C57BL/6 

mice (Lewis et at., 2009b). Based on previous experiments, we hypothesize that 

similar techniques will yield protection from tumor challenge in a murine 

mastocytoma model (P815) in DBA/2 mice. 

4 
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Human 052 (hD52) 

Human 052 (hD52) was cloned through differential screening of human 

breast (Byrne eta/., 1996) and prostate carcinoma eDNA libraries (Bright eta/., 

unpublished data). Human 052 expression patterns appear to share some 

similarities with mD52 expression . Human 052 transcript levels in the MCF7 

breast cancer cell line were shown to be dependent on estradiol levels, although 

the mechanism by which this occurs is still unknown (Rubin eta/., 2004). The 

responsive nature of hD52 expression to changes in estradiol in breast tumor-

derived cell lines and androgen in prostate cancer cells corresponds with the fact 

that in breast tumors and cell lines hD52 is observed to cluster with the estrogen 

receptor and other genes that are responsive to estrogen (Ross & Perou, 2001 ). 

It comes as no surprise then that hD52 expression was found to be greater in 

breast cancers positive for estrogen receptors than those that are not 

(Gruvberger eta/., 2001 ). 

Boutros et al. demonstrated that hD52 was localized to the nucleus in a 

group of ovarian carcinomas (Boutros eta/. , 2004) suggesting that 052 and 052-

like proteins although frequently observed in the cytoplasm, function subcellularly 

(Scanlan eta/ .. 2001 ). Human 052 and human 053 may be involved in cancer 
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cell proliferation (Byrne eta/., 1996). Human 052 is capable of inducing lgG 

antibodies (Scanlan eta/., 2001 ), which is both unique and important, suggesting 

that the Jack of tolerance to this self-protein strengthens its potential to be 

effective as an anti-cancer vaccine (Payton eta/., 2008). Although lgG titers 

indicate the induction of a specific Th1 response, cytotoxic T lymphocytes are 

necessary for tumor killing due to the intracellular localization of the 052 protein . 

Materials and Methods 

Mice and Cell lines 

Na"ive, female, 6 to 8 week old DBA/2 mice were purchased from Jackson 

Labs (Bar Harbor, Maine). Mice were immunized with mD52-DNA or hD52-DNA. 

The tumorigenic P815 cell line was used for tumor challenge. 

Real Time RT-PCR 

To measure mD52 mRNA expression, total RNA was isolated from cell 

lines (3T3, 3T3.mD52, L 1210, mKSA, P815, RMAS, RMAS-Kd) using TRizol™ 

reagent (Invitrogen; Carlsbad, CA). Total RNA (1 ~g) was reverse transcribed to 

obtain eDNA using oligo-dT primers and reverse transcriptase. Real-Time PCR 
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was performed using the obtained eDNA via the ABI Prism 7000 Sequence 

Detection System and ABI SYBR green PCR core reagents kit according to the 

manufacturer's instructions (Applied Biosystems, Foster City, CA). Real-time 

PCR was performed under the following conditions: 40 cycles at 50° C for 2 min, 

95° C for 10 min, and 95° C for 15 sec. The annealing temperature for mD52 

primers was 62° C for 1 min and the annealing temperature for GAPDH primers 

was 60° C for 1 minute. A no-template reaction was inci!Jded as a control (Lewis 

eta/., 2007). 

PCR was performed to confirm the accuracy of the plasmid DNA 

constructs (Fig. 4). mD52 amplification reactions were carried out using the 

following primers: mD52 forward: 5'-TGCTGMGACAGAGCCGG-3'; and mD52 · 

reverse: 5'-ACGTCTTGCCACCCTTTG-3'; (Payton eta/., 2008) for 30 cycles and 

an annealing temperature of 62°C. hD52 amplification reactions were carried out 

using the following primers: h052 forward: 5'-GATCTCGGGCTGGAGACATGG-

3'; and hd52 reverse: 5'-MTTCGTGGGTAGCAGMCAMGG-3'. All PCR 

7 
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reactions were carried out in 50 !JL, and the results were visualized on 2% 

agarose gels containing ethidium bromide. Amplification of glyceraldehyde-3-

phosphate dehydrogenase (GAPOH) (annealing temperature of 60°C) for 25 

cycles served as an internal reference controL 

Western Blot Analysis 

The cell lines 3T3, mKSA and P815 were grown to confluency in RPML 

Cells were harvested, counted, and whole cell protein lysates prepared at a 

concentration of 1 x 108 cell equivalents/mL Lysates (10 <XJ) were loaded onto a 

standard SOS-PAGE gel (4% stacking, 12% resolving) and run at 200 V for 60 

minutes followed by electrolytic transfer onto nitrocellulose. The nitrocellulose 

membranes were blocked for 1 hour at room temperature in 0 .0067 moi/L 

phosphate-buffered NaCI solution/0.02% Tween containing 1% normal goat 

serum and 1% evaporated milk. To visualize the expression of m052 protein, the 

membrane was probed overnight at 4 oc with 15 IJg/mL of anti-052 polyclonal 

antibody [generated by immunizing rabbits with NH2-terminal, carrier-conjugated 

peptide GCA YKKTSETLSQAGQKAS (italics represents a region of the 052 

protein that is conserved between human and mouse); BioSynthesis, Inc., 

8 
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Lewisville, TX}. An identical membrane was probed with 1 IJI/mL monoclonal 

mouse anti-GAPDH antibody (G8140-01 BUS Biologicals) to serve as a control 

reference for protein loading. After three washes with 0.0067 moi/L phosphate-

buffered NaCI solution/0.02% Tween, anti-rabbit and anti-mouse lgG horseradish 

peroxidase-conjugated secondary antibodies were added at 1:1000 and 1 :2000 

dilutions, respectively, for 2 hours at room temperature. Finally, the membrane 

was washed and developed with 3,3'-diaminobenzidine reagent as a substrate 

(Sigma, St. Louis, MO). 

Vaccination 

Mice were immunized with plasmid DNA encoding full-length eDNA for 

mD52 in the pcDNA construct (n=5) or plasmid DNA encoding full-length eDNA 

for hD52 in the pcDNA construct (n=5). Mice were immunized intramuscularly 

(i.m.) 4 times, at 10 day intervals with 50 cxg mD52-DNA or hD52-DNA in 100 cx:l 

phosphate buffered saline solution (PBS) in alternating hind leg muscles. 50 cxg 

empty vector DNA (pCDNA alone) in 100 cx:l PBS (n=5) or 100 cx:l PBS (n=5) were 

used as control vaccines. Additional mice (n=5) were immunized with plasmid 

9 
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DNA encoding full-length eDNA for mD52 in the pcDNA construct for 2 of the 4 

immunizations and immunized with plasmid DNA encoding full-length eDNA for 

hD52 in the pcDNA construct for the following 2 immunizations. The final group 

of mice (n=5) was immunized with plasmid DNA encoding full-length eDNA for 

hD52 in the pcDNA construct for 2 of the 4 immunizations and immunized with 

plasmid DNA encoding full-length eDNA for mD52 in the pcDNA construct for the 

following 2 immunizations. Fourteen days after the final vaccination, mice were 

challenged s.c. with a tumorigenic dose (1 x 106 cells) of P815 s.c. 

Subcutaneous P815 tumor formation post-immunization was evaluated by taking 

perpendicular measurements with calipers every 2 to 3 days. P815 tumor 

volume (mm3
) was calculated using the following formula: (ax b2)12 where b is 

the smaller of the two measurements. 

10 
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Results 

m052 is over-expressed in P815 murine mastocytoma cells 

Real-time RT -PCR was performed to determine the relative expression of 

m052 in murine tumor cell lines. m052 was determined to be over-expressed in 

P815, a murine mastocytoma, as compared to 3T3, a normal fibroblast cell line 

(Fig. 1 A). Relative expression of m052 in P815 was similar to 3T3.mD52 (Fig 

1A). Over-expression of mD52 in 3T3 fibroblast cells is known to result in 

aggressive proliferation and metastasis (Lewis eta/., 2007). Relative expression 

of GAPDH was similar in all cell lines (Fig. 1 8). The relative expression of m052 

as compared to GAPDH was greater in 3T3.mD52 than P815, but its expression 

was greater in P815 than in 3T3 (Fig. 2). Therefore mD52 was determined to be 

over-expressed in P815, a murine mastocytoma. 

11 
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Figure 1A 
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Figure 1: Real-Time RT-PCR showing the relative expression levels of m052 and 

GAPDH. A. Real-time RT-PCR showing m052 expression in 3T3, 

3T3.m052, mKSA, P815, L 1210, and RMAS-Kd cell lines. B. Real-time RT

PCR showing GAPDH expression in 3T3, 3T3.m052, mKSA, P815, L 1210, 

and RMAS-Kd cell lines as an internal reference control. 
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Figure 2: Relative expression of mD52 as compared to GAPDH. Relative 

expression of mD52 corrected for GAPDH in murine cell lines as determined 

by Real-Time RT-PCR at 31 cycles of amplification. 
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Protein expression of m052 is elevated in P815 

Protein expression of m052 was confirmed by Western blot analysis using 

an anti-052 antibody. The protein expression of GAPOH served as a control. A 

band of -27 KOa was observed for mKSA, P815 and 3T3 cell lines (Fig. 3). 

Murine 052 appears as a doublet (Fig. 3). The protein expression of m052 in 

P815 was greater than 3T3 and less than mKSA. Previous data have shown 

that, when the larger lower band (27 kOa) is missing or very light, the expression 

of m052 is not sufficiently high to be targeted by CTL (Payton eta/., 2008). The 

level of over-expression of m052 protein in P815, combined with the darker 

lower band of m052 on the P815 Western blot suggests that P815 may be 

capable of being targeted by m052 specific CTL. 

14 
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mKSA P815 3T3 

- mD52 -271cD 

P815 3T3 mKSA 

-
GAPDH 36-lcD 

Figure 3: Western blot analysis of mD52 or GAPDH expression in murine mKSA, 

P815 and 3T3 cell lines. Western blot analysis of murine tumor celllysates 

generated from 1 x 108 cell equivalents demonstrating mD52 protein 

expression using a rabbit polyclonal antibody with specificity for mD52 (-27 

kD). GAPDH expression served as an internal reference control. 
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Confirming the accuracy of the plasmid DNA constructs 

PCR was performed using mD52 or hD52 primers to confirm the accuracy 

of the plasmid DNA constructs to be used for vaccination (Fig. 4 ). Murine D52 

and its human orthologue hD52 are 86% identical. The mD52 primers amplify a 

region of homology between mD52 and h052. The hD52 primers are specific for 

a region unique to hD52. A band was observed at 250 bp, as expected, in the 

lane containing the mD52.pcDNA construct amplified with mD52 primers. The 

lane containing the hD52.pcDNA construct amplified with m052 primers 

contained the expected band of 350 bp. No bands were observed in the lanes 

containing the empty vector and either mD52 or h052 primers. A band of 350 bp 

was observed as expected in the lane containing the hD52.pcDNA construct 

amplified with hD52 primers. No band was observed in the lane containing the 

mD52.pcDNA construct and hD52 primers as the hD52 primers were created to 

be specific for a region not shared between hD52 and mD52. The mD52.pcDNA 

and hD52.pcDNA constructs were determined to be accurate. 

16 
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Lane 1- 1 kb ladder 
2-100 bp ladder 
3- pcONA3.1 (m052.cds) 
4- m052.pcDNA3.1 (m052.cds) 
5- h052.pcONA3.1 (m052.cds) 

6- water oontrol (m052) 
7- pc0NA3.1 (h052) 
8- m052.pc:ONA3.1 (h052) 
9- h052.pc0NA3.1 (h052) 
10- water control (h052) 

.-- 650bp 

+--- 350bp 

+--- 250bp 

Figure 4: PCR confirming the accuracy of the constructs in terms of the presence 

of m052 or h052 subclones. PCR was performed using m052 or h052 

primers in order to verify the presence or absence of m052 and h052 within 

the constructs. Water was included as a no-template control. 

Tumor growth following vaccination and challenge 

Twenty percent of mice (1/5) vaccinated with m052-DNA and 

subsequently challenged with 1 x 106 P815 cells, subcutaneously, survived 

challenge (Fig. 5) compared to ten percent of controls (1/10) (Fig. 6). Twenty 

percent of mice (1/5) vaccinated with 2 immunizations of h052-DNA, followed by 

2 immunizations of m052-DNA, survived P815 challenge (Fig. 7). There were no 

survivors in the groups vaccinated with h052-DNA (Fig. 8) or m052-DNA 
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followed by hD52-DNA (Fig. 9}. Within the controls, 1/5 mice immunized with 

PBS survived challenge while there were no survivors in the mice that were 

immunized with empty vector DNA (pcDNA) (Fig 6). 

Lll 
.-1 

1200 
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: 800 
m 
E 
E 
e 6oo 
:l 
0 
> ... 
~ 400 
:l ..... 

200 1 
I 
I 

0 4 7 11 14 18 21 23 25 28 30 32 36 39 42 44 49 51 

Days Post-Challenge 

Figure 5: Tumor growth following vaccination with m052-DNA. Mice (n=5) were 

immunized with m052-DNA and were subsequently challenged with a 

tumorigenic dose of P815. Tumor volume was measured as described in 

the methods. 

18 



Texas Tech University Health Sciences Center, Heather Schultz, Dec 2009 

1200 

1000 
II) PBS .... 

PcDNA eo 
Q. 

800 M" 
E 
E 
Cll 600 E 
::I 
0 
> 
L.. 400 0 
E 
::I 
1-

200 

0 4 7 11 14 18 21 23 25 28 30 32 36 39 42 44 49 51 

Days Post-Challenge 

Figure 6: Tumor growth following control vaccination with PBS or empty vector 

DNA. Mice (n=1 0) were immunized with PBS or empty vector DNA (pcDNA) 

as a control vaccine and were subsequently challenged with a tumorigenic 

dose of P815. Tumor volume was measured as described in the methods. 

19 



Texas Tech University Health Sciences Center, Heather Schultz, Dec 2009 

1000 

11'1 
.-i 
CIO 

800 a. 
..,; 
E 
E 
Qj 

600 E 
::J 
0 
> 
~ 

0 400 E 
::J 
1-

200 

0 4 7 11 14 18 21 23 25 28 30 32 36 39 42 44 49 51 

Days Post-Challenge 

Figure 7: Tumor growth following vaccination with h052-DNA followed by m052-

DNA. Mice (n=5) were immunized with hD52-DNA for two immunizations, 

and then immunized with m052-DNA for two immunizations. Mice were 

subsequently challenged with a tumorigenic dose of P815. Tumor volume 

was measured as described in the methods. 
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Figure 8: Tumor growth following vaccination with h052-DNA. Mice (n=5) were 

immunized with h052-DNA and were subsequently challenged with a 

tumorigenic dose of P815. Tumor volume was measured as described in 

the methods. 
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Figure 9: Tumor growth following vaccination with m052-DNA followed by h052-

DNA. Mice (n=S) were immunized with m052-DNA for two immunizations, 

and then immunized with h052-DNA for two immunizations. Mice were 

subsequently challenged with a tumorigenic dose of P815. Tumor volume 

was measured as described in the methods. 
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All mice in the group immunized with hD52-DNA alone developed a lethal 

tumor burden by day 30 post-P815 challenge (Fig. 8). All other groups (control 

and experimental) had at least one surviving mouse through day 44, post-P815 

challenge (Fig. 5, 6, 7, 9). The average time to development of palpable tumors 

was at least 7 days earlier for hD52-DNA immunized mice than all other groups, 

suggesting that xenogenic vaccines may exacerbate tumor formation in this 

murine model. 

Discussion 

The over-expression of tumor protein 052 (052) in multiple cancers 

makes it an interesting target in tumor vaccination studies. Previously in our lab, 

this self, tumor-associated antigen has been shown to be immunogenic as a 

protein-based vaccine and proficient at inducing a cellular immune response 

capable of rejecting tumor cells that over-express 052 without inducing 

autoimmunity (Payton eta/., 2008). The human orthologue of 052, hD52, is 

over-expressed in a variety of human cancers. Human 052 expression patterns 

are similar to mD52 expression patterns. The ability to break tolerance to this 
23 
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self-protein suggests that h052 could potentially be effective as an anti-cancer 

vaccine (Payton eta/., 2008). 

Our results indicate that challenge with 1 x 106 P815 cells may not be an 

ideal tumorigenic dose. A titration study should be performed to optimize P815 

challenge dose. This was determined based on non-uniform, rapid P815 tumor 

growth in all groups. Immunization with hD52-DNA alone appeared to enhance 

tumor growth in this model, as shown by rapid P815 tumor growth in all h052-

DNA immunized mice, as compared to control and experimental groups. These 

results indicate that h052-DNA immunization is not ideal for this P815 murine 

mastocytoma model. At this P815 challenge dose, it was determined that m052-

DNA vaccination was not effective at inducing protection from P815 challenge as 

compared to controls, therefore future studies involving m052-protein along with 

m052-DNA were of interest. 
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CHAPTER Ill 

MURINE TUMOR PROTEIN 052 

Introduction 

Murine tumor protein 052 

Murine 052 (mD52) is approximately 86% identical to human 052 (Byrne 

eta/. , 1996). It is detectable in normal lung, prostate, muscle, lymph node, and 

eye with the highest expression in the kidney. Expression was detected to a 

lesser degree in the liver, spleen, testes, stomach, heart, uterus, placenta and 

thymus (Payton eta/., 2008). To determine what effect mD52 may have on 

normal murine fibroblasts, 3T3 cells were transfected with full-length eDNA of 

mD52. This resulted in phenotypic changes including anchorage-independent 

cell growth and increased cell proliferation (Lewis eta/. , 2007). Even more 

surprising was that, when inoculated with 3T3 cells transfected with mD52 

(3T3.mD52), na"ive syngenic immunocompetent mice formed subcutaneous 

tumors and spontaneous, lethal lung metastases (Lewis eta/., 2007). This 

suggests that mD52 may play a role in malignant transformation and metastasis. 
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m052 protein vaccination studies 

Payton and colleagues performed a vaccination study using m052 protein 

combined with CpG/OON (oligodeoxynucleotide) as an adjuvant (Payton eta/. , 

2008). Groups of na·ive mice were immunized with varying combinations of 

m052 protein and adjuvant and challenged with one of two murine tumor cell 

lines, mKSA, a murine kidney sarcoma, or 3T3.m052. CpG/OON adjuvant has 

been shown to drive a Th1-type immune response (Lipford eta/., 2000). 052 is 

an intracellular protein; therefore, a Th1-type immune response is critical. 052 

cannot be targeted through a Th2 type immune response because Th2 type 

immune responses are predominately specific for extracellular targets through 

the induction of a specific antibody response. 

Mice that received the recombinant m052 protein in combination with 

CpG/OON rejected tumor challenge and were observed to generate m052-

specific, MHC-restricted cytotoxic T cells (CTLs) (Payton eta/., 2008). An 

autoimmune reaction is a possibility when a vaccine includes a self-antigen. To 

verify that the vaccination regimen did not result in the development of 
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autoimmunity against healthy cells that naturally express mD52, kidneys of mice 

immunized with mD52 and CpG/ODN that survived tumor challenge were 

analyzed forT-cell infiltration and pathology. Although mD52 expression in 

healthy kidneys is greater than that of most other tissues, no pathology or T-cell 

infiltration was observed (Payton eta/. , 2008}. Regardless of the fact that D52 is 

expressed naturally in most healthy cells, albeit to a lesser degree than 

cancerous cells, no autoimmune response was detected post-vaccination or 

post-tumor rejection. 

mD52 protein vs. DNA vaccination strategies 

It is widely accepted that DNA vaccinations can be more effective in 

eliciting CTLs as compared to protein vaccinations. Lewis and colleagues 

performed experiments with protein-based mD52 vaccines as compared to DNA

based mD52 vaccines (Lewis eta/., 2009b}. Na"ive C578L/6 mice were 

immunized with either plasmid DNA encoding full-length eDNA of mD52 or 

recombinant mD52 protein. Mice were then subcutaneously challenged with a 

tumorigenic dose of mD52 positive TRansgenic Adenocarcinoma of the Mouse 
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Prostate (TRAMP-C1) tumor cells. Sixty percent of mice vaccinated 

subcutaneously (s.c.) with plasmid m052-DNA admixed with GM-CSF were 

tumor-free 85 days post-challenge and rejected a subsequent challenge of 

TRAMP-C1 tumor cells. Moreover, s.c. mD52-DNA vaccination induced cellular 

memory immunity against subsequent rechallenge. Cytotoxic T cells generated 

following s.c. immunization with mD52-DNA exhibited superior MHC class I 

restricted lysis of m052 positive tumor cells as well as superior tumor protection 

as compared to immunization with mD52-protein or mD52-DNA delivered 

intramuscularly. The results of these experiments suggest that s.c. m052-DNA 

vaccination may be a better approach in some murine models of cancer (Lewis et 

a/., 2009b ). However the efficacy of m052-DNA vaccines delivered i.m., or 

m052-protein as vaccines warrants further investigation. 

P815 titration and m052 immunization 

We previously determined that 1 x 106 P815 cells was likely too high of a 

challenge dose for our DBA/2 P815 model. Therefore an in vivo titration 

experiment was necessary to optimize P815 tumor cell challenge. Our previous 
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experiments also revealed that mD52-DNA immunization may not be ideal for 

inducing protection from P815 challenge in this DBA/2 model. For that reason, 

the efficacy of mD52-protein immunization in our DBA/2 model was also 

investigated. 

Materials and Methods 

Mice and Cell lines 

Na"ive, female, 6 to 8 week old DBA/2 mice were purchased from Jackson 

Labs (Bar Harbor, Maine). Mice were immunized with mD52-DNA or mD52-

protein. The tumorigenic P815 cell line was used for tumor challenge. 

In Vivo P815 Tumor Growth Titration 

Five groups of 3 DBA/2 mice were challenged s.c. with varying numbers of 

viable P815 cells (in PBS) ranging from 1 x 104 to 5 x 105 cells. Tumor growth 

was monitored and size determined by taking perpendicular measurements with 

calipers every 2 to 3 days. P815 tumor volume (mm3
) was calculated using the 

following formula: (ax b2)/2 where b is the smaller of the two measurements. 
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PCR was performed to confirm the accuracy of the plasmid DNA 

constructs (Fig. 4 ). mD52 amplification reactions were carried out using the 

following primers: mD52 forward: 5'-TGCTGMGACAGAGCCGG-3'; and mD52 

reverse: 5'-ACGTCTTGCCACCCTTTG-3'; (Payton eta/., 2008) for 30 cycles and 

an annealing temperature of 62°C. hD52 amplification reactions were carried out 

using the following primers: hD52 forward: 5' -GATCTCGGGCTGGAGACATGG-

3'; and hd52 reverse: 5'-MTTCGTGGGTAGCAGMCAAAGG-3'. All PCR 

reactions were carried out in 50 ~L. and the results were visualized on 2% 

agarose gels containing ethidium bromide. Amplification of glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) (annealing temperature of 60°C) for 25 

cycles served as an internal reference control. 

Vaccination 

Mice were immunized with plasmid DNA encoding full-length eDNA for 

mD52 in the pcDNA construct (n=5} or empty vector DNA (pCDNA alone) (n=4) 

or PBS (n=3) as control vaccines. Additional mice were immunized with 
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recombinant m052-protein admixed with oligodeoxynucleotide (ODN) 

(TCCATGACGTICCTGACGTI) (Lipford eta/., 2000, Payton et at., 2008) as an 

oil-in-water emulsion in incomplete Freund's adjuvant (ODN/IFA) (n=4), ODN/IFA 

alone was included as a control (n=3). Mice immunized with mD52-DNA were 

immunized intramuscularly (i.m.) 4 times, at 10 day intervals with 50 ocg mD52-

DNA in 100 cxJ PBS in alternating flanks. Mice immunized with protein/ODN/IFA 

or ODN/IFA were immunized subcutaneously (s.c.) 4 times, at 10 day intervals 

with 50 ocg ODN admixed with 50 ocg mD52 protein in 100 cxJ in alternating flanks. 

Fourteen days after the final vaccination, mice were challenged s.c. with a 

tumorigenic dose (5 x 104 cells) of P815 s.c. in the flank or lower back. 

Subcutaneous P815 tumor formation post-immunization with mD52 was 

evaluated by taking perpendicular measurements with calipers every 2 to 3 days. 

P815 tumor volume (mm3
) was calculated using the following formula: (ax b2)12 

where b is the smaller of the two measurements. 
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Results 

Optimizing P815 challenge dose via titration 

A titration experiment was carried out in order to optimize the in vivo 

challenge dose of P815. Five groups of 3 DBA/2 mice were challenged 

subcutaneously with varying numbers of viable P815 cells ranging from 1 x 104 to 

5 x 105 (Fig. 10). Tumor growth was monitored and tumor size determined by 

taking perpendicular measurements with calipers every 2 to 3 days. P815 tumor 

volume (mm3
) was calculated using the following formula: (ax b2)/2 where b is 

the smaller of the two measurements. Tumor growth was observed in all mice in 

all groups by 35 days post-challenge. All mice succumbed to lethal tumor burden 

by day 44 post-P815 challenge. Although the lowest subcutaneous challenge 

dose (1 x 104 P815 cells) resulted in tumor formation in all mice challenged, the 

slightly higher dose of 5 x 104 P815 cells was chosen for challenge experiments 

to allow for improved reproducibil ity. 

32 



Texas Tech University Health Sciences Center, Heather Schultz, Dec 2009 

900 
900 

100 

A. 100 

700 

i600 
i700 

I E600 

poo 1500 
1400 ~ 

a-.. ~ i300 ... .. -
200 f200 

100 100 

0 0 
0 u 15 1& 22 15 21 35 l7 40 44 0 12 15 1& 22 15 :za 35 31 40 44 

"""~ DoywP~ 

l~ l 
900 

C. 100 

700 

I I i600 
1500 r 
1400 

j500 
1400 

ilOO i-
200 

200 

100 
100 

0 - 0 
0 12 15 11 22 15 :za 35 31 40 44 0 12 15 1& 22 15 :za 35 31 40 " """--- ....,..___ 

900 

100 E. 
700 

i600 
I , 
j500 1 
J 400 I 
i300 

200 

o 12 15 a 22 15 n ~ l7 40 44 

0..,.-.<:loo-

Figure 10: P815 in vivo growth titration. Groups of 3 mice were challenged with 

varying doses of P815 subcutaneously in order to determine an optimum 

tumorigenic dose. A- 5 x 105 P815 cells/ 100 j.JI PBS B- 2 x 105 P815 cells/ 

100 j.JI PBS C- 1 x 105 P815 cells/100 j.JI PBS D- 5 x104 P815 cells/100 IJI 

PBS E- 1 x 104 P815 cells/ 100 j.JI PBS. Tumor growth was measured as 

described in methods. 
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Superior tumor protection following immunization with mD52-protein 

Recently our lab has demonstrated that immunization with mD52 elicited 

mD52-specific cellular immunity capable of rejecting lethal tumor challenge and 

preventing spontaneous metastasis without inducing autoimmunity in a Balb/c 

murine kidney sarcoma model (Payton eta/., 2008) as well as in a C57BU6 

murine model of prostate cancer (Lewis eta/., 2009b). 

To determine whether it was possible to induce tumor protective immunity 

after vaccination with mD52, groups of female DBA/2 mice were immunized with 

either mD52-DNA or mD52-protein/ODN/IFA. PCR was performed to verify the 

plasmid DNA constructs prior to immunization (Fig. 4). Protection from 

subsequent P815 challenge was evaluated. Control immunization groups 

included PBS (i.m.), empty vector DNA (i.m.), and ODN in IFA (s.c.). 

Immunizations were administered as described in the methods section and Fig . 

11. 
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Figure 11: mD52-DNA and mD52-protein immunization schedules. Immunization 

schedule for mD52-DNA and mD52-protein admixed with ODN in IFA 

Groups of mice were immunized with mD52-DNA or mD52-protein admixed 

with ODN in IFA intramuscularly (i.m.) or subcutaneously (s.c.), respectively, 

every 10 days for a total of 4 immunizations. Controls included PBS (i.m.), 

empty vector DNA (i.m.) and ODN in IFA (s.c.). Approximately 14 days after 

the final immunization, mice were challenged with 5 x 104 P815 tumor cells. 

Tumor formation was evaluated as described in the methods section. See 

methods for concentrations of DNA, ODN/IFA, and protein. 
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Fifty percent of mice (2/4) immunized with mD52 protein admixed with 

ODN remained tumor free 31 days post-subcutaneous challenge with 5x1 04 

P815 tumor cells (Fig. 12, 15), compared to 10% (1/10) of controls (Fig. 13, 15). 

No mice immunized with mD52-DNA remained tumor free 31 days post-

challenge (Fig. 14, 15). By day 49 post-challenge, 25% (1 /4) of mice immunized 

with m052-protein survived compared to 10% of controls (1/1 0). There were no 

survivors (0/5) in the m052-DNA immunized group by day 49. Within the 

controls, 0/3 mice immunized with PBS survived challenge, 0/3 mice immunized 

with empty vector DNA survived challenge and 1/4 mice immunized with 

ODN/IFA survived challenge (Fig. 13). These data show that subcutaneous 

m052-protein vaccination is more effective at protecting from P815 tumor 

challenge in this DBA/2 model than intramuscular m052-DNA vaccination. 
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Figure 12: Tumor growth following vaccination with m052-protein 1• Mice (n=4) 

were immunized with m052-protein and were subsequently challenged with 

a tumorigenic dose of P815. Tumor volume was measured as described in 

methods. 

1 One mouse died possibly due to handling. Its death was not due to tumor 

formation or immunization. 37 
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Figure 13: Tumor growth following control vaccinations. Mice were immunized 

with empty vector DNA (pCDNA alone) (n=4), PBS (n=3), or ODN/IFA (n=4) 

as a control vaccine and were subsequently challenged with a tumorigenic 

dose of P815. Tumor volume was measured as described in methods. 
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Figure 14: Tumor growth following vaccination with m052-DNA. Mice (n=5) were 

immunized with mD52-DNA and were subsequently challenged with a 

tumorigenic dose of P815. Tumor volume was measured as described in 

methods. 
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Figure 15: Percent of mice tumor-free at 31 days post-P15 challenge. Following 

vaccination with m052-protein, m052-DNA or control vaccination, mice were 

challenged with a tumorigenic dose of P815. Tumor volume was measured 

as described in the methods and the percent of mice tumor free at 31 days 

post-P815 challenge was determined. 
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Discussion 

This study was undertaken to determine whether vaccination with the self, 

over-expressed, tumor associated antigen murine D52 (mD52) was capable of 

delaying tumor growth following P815 tumor challenge in a murine model of 

mastocytoma. Real-time RT-PCR was performed to determine the relative 

expression levels of mD52, as compared to GAPDH, in multiple murine tumor 

cell lines. Murine D52 was determined to be over-expressed in. P815, a murine 

mastocytoma, as compared to 3T3, a normal fibroblast cell line. A western blot 

was performed and confirmed enhanced protein expression of mD52 in P815. 

An in vivo P815 tumor titration study was performed to determine a minimal 

tumorigenic dose for challenge experiments. Five groups of DBA/2 mice were 

challenged subcutaneously with varying numbers of viable P815 cells ranging 

from 1 x 104 to 5 x 105 (Fig. 1 0). Tumor growth was monitored and volume 

determined as described in methods. 5 x 104 P815 tumor cells in 100 ~I of PBS 

proved to be the optimum tumorigenic dose for challenge. 

For vaccine strategy comparisons, groups of female DBA/2 mice were 

immunized intramuscularly with plasmid DNA encoding the full-length eDNA for 
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m052 or subcutaneously with recombinant m052-protein admixed with OON in 

IFA as an oil in water emulsion. Mice were immunized four times 10 days apart. 

As a test of tumor immunity, 14 days after the final immunization we challenged 

mice subcutaneously (Fig. 11) with a minimal tumorigenic dose of 5 x 104 P815 

tumor cells, which naturally over-express m052, and tumor growth was 

monitored. 

One-half (50%) of mice immunized with m052-protein rejected 

subcutaneous tumor challenge and were tumor-free on day 31 post-challenge 

while one-tenth (10%) of control mice remained tumor-free at this time point. 

This suggests that immunization with m052-protein admixed with OON in IFA 

delayed tumor progression compared to controls. OON contains unmethylated 

bacterial CpG repeats that bind Toll Like Receptor 9 (TLR9) on antigen 

presenting cells including dendritic cells. OON has been demonstrated to be a 

strong adjuvant in eliciting a Th1 -type immune response (Lipford eta/. , 2000). 

This specific OON was deemed necessary because 052 is an intracellular 

protein and therefore a Th1 -type immune response is critical due to the fact that 

052 cannot be targeted through a Th2-type antibody-inducing immune response. 
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At day 31 post-challenge, all mice from the group immunized with mD52-DNA 

developed tumors. This indicates that m052-DNA immunization is comparable 

to controls in terms of tumor progression, and thus failed to induce protective 

tumor immunity. At the termination of the experiment, 25% (1/4) of mice from the 

mD52-protein group survived tumor challenge. There were no survivors from the 

group immunized with mD52-DNA. These findings suggest that although in other 

murine models immunization with DNA provides the most complete protection, 

this does not hold true for the DBA-P815 murine mastocytoma tumor model. In 

this model, m052-protein vaccination provides some protection from tumor 

challenge and markedly enhances survival while m052-DNA vaccination does 

not appear to provide any protection from P815 tumor challenge, or prolonged 

survival compared to controls. 
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CHAPTER IV 

DISCUSSION AND FUTURE STUDIES 

Discussion 

The lack of major medical advances in both the prevention and treatment 

of cancer in the last 50 years is of major concern. Immunotherapeutic 

approaches to cancer treatment may be our best option for effective cancer 

treatment with minimal side effects. Tumor protein D52 provides an exciting 

opportunity for studying the largest group of tumor-associated antigens, those 

that are self-antigens that are non-mutated but over-expressed in cancer. 

The ability to break tolerance to this self tumor-associated antigen in 

murine models of cancer without inducing autoimmunity is not only significant but 

appears to be an effective method of protection against tumor challenge. The 

similarity of the natural expression patterns of murine 052 in mouse and human 

D52 in humans, both in terms of normal tissue expression and cancerous over-

expression, suggest that targeting hD52 in human cancers could be similarly 

effective. This study has added to what is known about tumor protein 052 

vaccination and may impact D52 vaccines targeting 052 over-expressing tumors, 
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including prostate, breast, and ovarian cancers and perhaps hematogical tumors 

like mastocytoma. 

Future Studies 

Depletion of CD25+ T regulatory cells 

In future studies, the depletion of CD25+ T regulatory cells in combination 

with a protein-based mD52 vaccine will be evaluated for its potential to protect 

mice from challenge with the mD52 over-expressing P815 tumor cell line. Our 

lab has previously shown the depletion of CD25+ T regulatory cells to be 

effective in enhancing protection from tumor challenge in a murine kidney 

sarcoma model in which the mice were immunized with mD52-protein/ODN/IFA 

(lewis et a/., 2009a ). 

Cross-priming 

We will also explore the possibility that cross-priming to unknown or 

known P815 tumor-associated antigens is required for more complete protection 

from tumor challenge. The cell lines to be used in these studies are shown in 

Table 1. With the aim of assessing the occurrence of cross-priming after mD52 
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vaccination, known tumor associated antigens are advantageous (Table 2). 

Markiewicz and colleagues showed that after immunization of DBA mice with 

P1A and challenge with P1 .HTR and P1.204 tumor cells, there was an expansion 

ofT cell specificity to include the P1 E peptide (Markiewicz eta/., 2001 ). Schmidt 

and colleagues have previously utilized the T AA JAK-1 in peptide-based cancer 

vaccines against P815 tumor cell challenge (Schmidt eta/., 1997). Together, 

these studies support the rationale for assessing cross-priming to P1A, P1 E and 

JAK-1 in P815 tumor cells following mD52 vaccination and protection from P815 

challenge. The expected results of these future studies are shown in Fig. 16. 

Table 1: Model tumor cell lines by classification, presence of known P815 tumor 

associated antigen, presence of mD52 and MHC profile. 

Cell Line Classification P815 TAA* m052 MHC 

P815 DBA/2 positive positive H-2Kd H-• 
mastocytoma 2Ld 

L1210 DBA/2 leukemia negative positive H-2Kd H-• 
2Ld 

RMAS T cell lymphoma negative Slightly positive H-2b 

RMAS.Kd** T cell lymphoma negative Slightly positive H-2Kd 
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Table 2: Known P815 tumor associated antigens, peptide sequence and MHC-1 

restriction. (Markiewicz eta/., 2001 . Schmidt et al. , 1997) 

P815 TAA Peptide sequence MHC-1 restriction 

P1A LPYLGWLVF L d restricted 

P1E GYCGLRGTGV Kd restricted 

Jak-1 kinase SYFPEITHI Kd restricted 

Pl A, Pl E, Jak-1 + 

m052 + 

riA H-2Ld 
p~pttde 

rlE H-2Kd 
p~ptlde 

Jok· l H·2Kd 
peptide 

"slightly positive 

Figure 16: Comparison of relevant cell lines in terms of MHC, presence of known 

P815 antigens, presence of m052 and expected specific killing. 
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Assessing MHC-restriction and mD52-specificity 

Finally, T cell function assays will be performed using lymphocytes from 

surviving mice to assess MHC-restriction and mD52-specificity of a cellular 

immune response following an optimal vaccine regimen. 
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