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“Enhancement of Anti-Telomerase Immunity against Prostate Cancer” 
W81XWH-05-1-0011 (PI Johannes Vieweg, M.D.)  

Final Report  

INTRODUCTION 

The obj ectives of t his award include a  se ries of sci entific studies to a)  r everse t umor-mediated 

immunosuppression in metastatic prostate cancer patients and b) stimulate therapeutic antitumor immunity in 

the tumor bearing host using active immunotherapy interventions. Over the course of the grant, Dr. Vieweg and 

his team have explored several strategies to p henotypically and functionally define both regulatory T cells 

(Treg) as well as myeloid-derived suppressor cells (MDSC) in the peripheral blood of advanced cancer patients. 

We al so have developed and explored targeted pharmacological interventions to abrogate either T reg

BODY 

 or 

MDSC-induced immunosuppression. As shown below, considerable progress has been made in the laboratory 

to define these regulatory pathways and to explore these new concepts in ongoing or planned clinical studies, 

as described below and as demonstrated by the published data shown in references 1-4. 

In 2005, a clinical trial was performed at Duke University Medical Center (IRB # 5278-05-10R2) enrolling a total 

of 15 patients with metastatic prostate adenocarcinoma, stage (T

Treg elimination through CD25 targeting agents 

1-4, N+, M0) or (T1-4, N0-1, M+). Due to the PI’s 

relocation t o the University of  Fl orida ( UF), th e trial was prematurely closed i n Ju ne 2006.  Six su bjects, 

enrolled on dose  S chedule A , t reatment a rm A, r eceived a si ngle i ntravenous dose of  deni leukin di ftitox 

(18µg/kg) four day s prior t o v accination w ith L AMP hT ERT mRNA-transfected D C, w hile a s econd co hort 

(Treatment arm B) of 6 subjects was treated with the vaccine alone. Although the targeted goal of enrollment 

into t his trial w as 24 pa tients, w e collected sufficient dat a t o su pport t he pr imary endpoi nt, na mely v accine 

safety, of  this regimen. At UF, we started analyzing Treg

The T

 frequencies in the peripheral blood of study patients 

collected prior to and after denileukin diftitox administration.  

reg depletion data and the immunological analysis from the patients that could be analyzed were detailed 

and provided i n a prior pr ogress report ( 2007-2008). These da ta de monstrated successful st imulation o f 

hTERT-specific T cells in the peripheral blood of the 6 pat ients treated with denileukin diftitox and the hTERT 

vaccine.  

Reversal of myeloid cell-mediated immunosuppression

Aside from T

 

reg, we have recently focused on exploring the phenotype and function of a second cellular subset 

present in advanced cancer patients, termed myeloid derived suppressor cells (MDSC). More specifically, we 

and ot hers hav e sh own t hat the growth o f ca ncers is associated w ith a co nsiderable decl ine i n i mmune 

function. Therefore, t herapeutic vaccines alone are o ften i neffective i n overcoming t umor-mediated i mmune 
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suppression. A lso, p rior studies have hi ghlighted t he role o f M DSC i n ca ncer-associated i mmune non -

responsiveness in pat ients with metastatic RCC. Accumulation o f these ce lls in t umor hosts is promoted by 

tumor-derived factors and this tumor-driven expansion of MDSC contributes to tumor escape from the immune 

system. In a recent manuscript [2], we analyzed the mechanisms by which MDSC inhibit T-cell responses and 

demonstrated r eversal of i mmunosuppressive act ion by  A TRA t reatment i n v itro and i n v ivo. O ur results 

suggest that exposure to the differentiation agent ATRA facilitates depletion of MSC and improves antitumor 

immunity in vivo. T hese studies formed the basis for administering RCC patients with ATRA (Vesinoid) to 

determine dose dependent depletion of MDSC [1]. These published studies demonstrate that MDSC can be 

characterized b y t heir profound i mmunosuppressive f unction and that M DSC-mediated i mmunosuppression 

can be abrogated in a dose-dependent fashion through the differentiation agent ATRA.    

As an extension of these studies we could demonstrate that implantation of human RCC tumors into athymic 

nude mice promotes the appearance of VEGFR1/CD11b double-positive myeloid cells in the peripheral blood 

compartment. C onversely, A vastin-mediated V EGF neut ralization was capable of  significantly r educing t he 

numbers of circulating VEGFR1 positive MDSC, suggesting a novel approach to enhance antitumor immunity 

in cancer pat ients. Interestingly, upregulation of VEGFR1 by myeloid cells could also be ach ieved in vi tro by 

co-culturing bone m arrow pr ecursors with R CC-conditioned m edium or  by  sh ort-term ex posure of  nai ve 

myeloid ce lls to o xidative st ress. Tr eatment o f m yeloid ce lls with H

Oxidative stress regulates expression of vascular endothelial growth factor-1 (VEGFR1) in MDSC. 

2O2, t he l ipid per oxidation pr oduct 4 -

hydroxy-2(E)-nonenal, or an inhibitor of thioredoxin reductase resulted in increased cell surface expression of 

VEGFR1. Furthermore, we found that MDSC acquired immunosuppressive properties and became capable of 

inhibiting T -cell pr oliferation a fter ex posure t o ox idative st ress. These dat a su ggest that tumor-induced 

oxidative stress may promote both VEGFR1 up-regulation and immunosuppressive function in bone marrow-

derived murine myeloid cells. Translating these concepts into more clinically relevant systems, we found that 

VEGFR1 posi tive m yeloid ce lls al so ca n be  f ound i n t he peripheral b lood and t umors of R CC pat ients. 

Therefore, we conclude that restoration of immunocompetence in RCC patients by pharmacological elimination 

of VEGFR1 positive cells may have a significant impact on the therapeutic efficacy of cancer vaccines or other 

immune-based therapies. For detailed experimental results, please refer to reference [2].  

During the conduct of the aforementioned studies, we developed the novel idea that tumor-infiltrating CD11b 

myeloid cells could not only act  as cellular subsets mediating immunosuppression, but also may represent a 

novel source for immunostimulatory antigen-presenting cells. He recently investigated the possibility of 

generating mature antigen-presenting cells from tumor-infiltrated CD11b myeloid cells. In a recent publication, 

he demonstrated that in vitro exposure of freshly excised mouse tumors to the DNA methyltransferase inhibitor 

5-AZA-2’-deoxycytidine ( AZA) not  onl y r esulted i n se lective el imination of  tumor ce lls, bu t su rprisingly, al so 

enriched CD45+ tumor-infiltrating cells. Culture of isolated tumor-infiltrated CD11b myeloid cells using AZA and 

Generation of antigen-presenting cells from tumor-infiltrated CD11b myeloid cells. 
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GM-CSF promoted their differentiation into mature F4/80/CD11c/MHC class II-positive antigen-presenting 

cells. Vaccination o f m ice w ith ex  vivo generated tumor-derived APC resulted in t umor protection in 70% of 

treated animals. Importantly, tumor-derived APC obviated loading with exogenous antigens, but nevertheless 

were capable of stimulating a potent anti-tumor response. Collectively, these results demonstrated that tumor-

infiltrated CD11b myeloid cells can be enriched and differentiated in the presence of the DNA demethylating 

agent 5-AZA-2’-deoxycytidine into mature tumor-derived antigen-presenting cells. A manuscript detailing these 

experimental results recently has been submitted for publication [3]. 

KEY RESEARCH ACCOMPLISHMENTS 
a) Successful translation of the Treg depletion concept into the clinic by executing a complex phase I study

and treating study subjects with a combined Treg

b) MSDC-mediated immunosuppression could be inhibited in a dose dependent fashion through exposure
to the differentiation agent ATRA (all-trans retinoic acid).

 depletory/vaccine regimen.

c) Restoration o f i mmunocompetence i n advanced ca ncer patients by ph armacological el imination o f
VEGFR1 positive cells may have a significant impact on the therapeutic efficacy of cancer vaccines or
other immune-based therapies.

d) Tumor-infiltrated CD11b myeloid cells can be enriched in vitro and differentiated in the presence of the
DNA demethylating agent 5-AZA-2’-deoxycytidine into mature tumor-derived antigen-presenting cells.

REFERENCES AND REPORTABLE OUTCOMES 
1. Kusmartsev S, Su Z, Heiser A, Dannull J, Eruslanov E, Kubler H, Yancey D, Dahm P, and Vieweg J.
Reversal of  m yeloid ce ll-mediated immunosuppression i n pat ients with metastatic renal ce ll ca rcinoma. Clin 
Cancer Res 2008: 14:8270-8. 

2. Kusmartsev S, Eruslanov E, Kubler H, Tseng T, Sakai Y, Su Z, Kaliberov S, Heiser A, Rosser C, Dahm P,
Siemann D, and Vieweg J. Oxidative stress regulates expression of VEGFR1 in myeloid cells: link to tumor-
induced immune suppression in renal cell carcinoma. J Immunol 2008: 181:346-53. 
3. Daurkin I, Eruslanov E, Vieweg J, and Kusmartsev S. Generation of antigen-presenting cells from tumor-
infiltrated CD11b myeloid cells with DNA demethylating agent 5-aza-2'-deoxycytidine. Cancer Immun 2009: In 
press. 

4. Kusmartsev S, Vieweg J. Enhancing the efficacy of cancer vaccines in urologic oncology: new directions.
Nat Rev Urol. 2009 Oct;6(10):540-9. 

CONCLUSIONS 
The studies supported by t his grant hav e dem onstrated that i mmunosuppressive net works exist in ca ncer 

patients. The main cellular contributors to cancer mediated immunosuppression are regulatory T cells as well 

as myeloid suppressor cells. Both cellular subsets can be specifically inactivated or eliminated through specific 

pharmacological i nterventions. Our da ta hav e profound i mplications for ac tive i mmunotherapy si nce t umor 

mediated immunosuppression represent a major hurdle to stimulate curative immune responses in the cancer 

patient.  
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