
*%K 

AD 

Award Number:  DAMD17-00-1-0128 

TITLE:  Effect of Tumor Derived TGF-ß on the Efficacy of 
Dendritic Cell Vaccines 

PRINCIPAL INVESTIGATOR:  James J. Kobie 
Emmanuel T. Akporiaye 

CONTRACTING ORGANIZATION:  University of Arizona 
Tucson, Arizona 85722-3308 

REPORT DATE:  July 2001 

TYPE OF REPORT:  Annual Summary 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT: Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 074-0188 
P'ublic reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the data needed and completing and reviewing this collection Of Information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of 
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
July 2001 

3. REPORT TYPE AND DATES COVERED 
Annual Summary (1 Jul 00 - 30  Jun 01) 

4. TITLE AND SUBTITLE 
Effect of Tumor Derived TGF-ß on the Efficacy of Dendritic Cell Vaccines 

6. AUTHOR(S) 

James J. Kobie 
Emmanuel T. Akporiaye 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

University of Arizona 
Tucson, Arizona 85722-3308 

E-Mail: kobie@u.arizona.edu 

9.  SPONSORING .' MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Derrick, Maryland 21702-5012 

5.  FUNDING NUMBERS 
DAMD17-00-1-0128 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 20011130 041 
12a. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited 

12b. DISTRIBUTION CODE 

13. Abstract (Maximum 200 Words) (abstract should contain no proprietary or confidential information) 

As antigen presenting cells capable of inducing strong cytotoxic T lymphocyte (CTL) responses to specific antigens, dendritic cells (DCs) have 

become prime candidates for use in cancer immunotherapy. It has been shown that treatment of DCs with tumor cell supernatants results in reduced 
expression of MHC class II and reduced ability to induce a CTL response. These findings have led to the suggestion that tumors secrete soluble factors 
that inhibit the antigen presenting functions of DCs. In the clinical setting, immunization with DCs is well tolerated, but is unable to produce significant 
clinical responses. Taken together, these findings suggest that the tumors secrete immunosuppressive factors that interfere with the efficacy of DC 

immunotherapy. One such factor is transforming growth factor-ß (TGF-ß). TGF-ß is a known suppressor of T cell function and recently has been 

implicated in decreasing the function of antigen presenting cells. Breast cancer cells secrete TGF-ß and are less sensitive to TGF-ß mediated growth 

arrest Furthermore in breast cancer patients TGF-ß immunostaining has been correlated with tumor progression. These findings suggest an important 

role for tumor-derived TGF-ß in the progression of mammary tumors in animals and humans. The hypothesis to be tested is that tumor-derived TGF-ß 

mitigates the efficacy of DC vaccines. The objective is to improve the efficacy of DC based vaccines by decreasing the suppressive effects TGF-ß has on 
DCs. The specific aims are to assess 1) the effect of TGF-ß on the antigen processing and presenting functions of DCs, and 2) the effect of tumor-derived 

TGF-ß on the efficacy of DC vaccines. 

14. SUBJECT TERMS 
dendritic   cell. TGF-ß.   tumor,   vaccine 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

"19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

15. NUMBER OF PAGES 
10 
16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



Table of Contents 

Cover  1 

SF298    2 

Table of Contents  3 

Key Research Accomplishments  4 

Reportable Outcomes     9 

References     10 



Key accomplishments 

1. Development of a method o generating functional dendritic cells 

2. Evaluation of the effects of TGF-ß on the ability of dendritic cells to process and 
present antigen. 

3. Determination of the effect of TGF-ß on the stimulatory function of dendritic 
cells 

4. Evaluation of the effects of TGF-ß neutralizing antibody on the efficacy of 
dendritic cell vaccines. 



Development of a method of generating functional dendritic cells 

Initially, the dendritic cells (DC) used for our experimentation were generated by 
culturing in granulocyte macrophage colony stimulating factor (GM-CSF) alone in 
bacterial grade dishes. This method was selected based on the work done by Lutz et. al. 
(1) and the demonstration of significantly higher yields as compared to the standard 
method of culturing DC in GM-CSF and (interleukin-4) IL-4. Various experiments were 
performed to compare the functional abilities of these two cell types. Dendritic cells 
were evaluated for their endocytic and T cell stimulation abilities. Dendritic cells 
generated in the presence of GM-CSF and IL-4 were significantly more effective at 
endocytosing dextran particles (Table 1). Similarly dendritic cells generated in the 
presence of GM-CSF and IL-4 were significantly more effective at stimulating an 
allogeneic T cell response (Figure 1). Based on these results all subsequent experiments 
will be performed using dendritic cells generated in the presence of GM-CSF and IL-4. 

Table 1. Endocytosis by BmDC 
Culture Conditions % Positive Mean Flourescence Intensity 
GM alone 48 146 
GM +IL-4 72 756 

BmDC were generated by culturing in bacterial grade petri dishes with 200 U/ml GM-CSF for 10 days 
(GM-alone) or by culturing in tissue culture flasks with 100 U/ml GM-CSF and 100U/ml IL-4 for 6 days 
(GM+IL-4) followed by the addition of 200 U/ml of TNF-oc for 48 hours. Endocytosis was assessed using 
FITC-conjugated dextran (40,000 MW) (FITC-DX). BmDC were incubated with FITC-DX (lmg/ml) at 
37°C for 30 minutes. As a negative control incubations were done at 4°C. Following incubation cells were 
analyzed by flow cytometry. 
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Figure 1. Stimulation of an Allogeneic Response 
by BmDC. BmDC were generated as indicated 
above from Balb/cJ mice. BmDC were incubated 

GM + IL-4 for 5 days with 2x105 allogeneic splenic T cells 
isolated from C57BL/6 mice. Cells were pulsed 

CM alone with ^ ^midine for fte last 18 hours of culture. 
Numbers are mean ± SEM of triplicate samples 

number DC 



Evaluation of the effects of TGF-ß on the ability of dendritic cells to process and 
present antigen. 

To evaluate the effect of TGF-ß on DC antigen processing and presentation, DC were 
generated and cultured in TGF-ß for 48 hours and then analyzed for their ability to 
stimulate the proliferation of allogeneic cells in a mixed lymphocyte reaction (MLR) 
(Figure 2). Pretreatment of DC with TGF-ß did not significantly affect the ability to 
induce the proliferation of allogeneic cells. To test the effects of TGF-ß on antigen 
processing and presentation, DC were pretreated with TGF-ß and pulsed with ovalbumin 
(OVA) protein and evaluated for their ability to induce to interleukin-2 (IL-2) production 
by the OVA specific T cell hybridoma (DO11.10). DO11.10 cells recognize OVA 
peptide and respond by secreting IL-2 (Figure 3). Pretreatment of DC with TGF-ß did 
not significantly affect the ability to process and present OVA protein to DO11.10 
hybridoma cells. 

Figure 2. TGF-ß does not inhibit the 
ability of DC to stimulate the 
proliferation of allogeneic cells. BmDC 
were generated from Balb/cJ mice by 
culturing in tissue culture flasks containing 
100 U/ml of GM-CSF and IL-4. Following 
6 days of culture 2 ng/ml of TGF-ß was 
added for 48 hours. BmDC were collected, 
washed and an allogeneic MLR was 
performed as described above. Numbers 
are mean ± SEM of triplicate samples. Data 
is representative of three independent 
experiments. 

Figure 3. TGF-ß does not inhibit the 
ability of DC to process and present OVA 
to DO11.10 hybridoma cells. BmDC were 
generated and treated with TGF-ß as 
indicated above. BmDC were collected, 
washed and incubated with 1 mg/ml 
ovalbumin protein and 105 DO 11.10 cells 
for 48 hours. Supernatant was analyzed by 
ELISA for IL-2 production. Numbers are 
mean ± SEM of triplicate samples. Data is 
representative of three independent 
experiments. 



Determination of the effect of TGF-ß on the stimulatory function of dendritic cells 

We have also evaluated the effect of TGF-ß on the ability of DC to stimulate T cell 
responses. This was achieved using a proliferation assay in which tumor lysate-pulsed 
DC were co-incubated with syngeneic purified splenic T lymphocytes isolated from 
naive mice (Figure 4A) or mice bearing 4T1 tumors (Figure 4B). The ability of DC to 
stimulate the proliferation of T cells from naive mice was significantly inhibited 
(p=0.0147) when DC were treated with TGF-ß. Maturation of DC, by tumor necrosis 
factor -a (TNF-a) abrogated the suppressive effect of TGF-ß. However, mature DC were 
most effective at stimulating in vivo tumor-sensitized T lymphocytes from tumor-bearing 
mice (Figure 2B). Interestingly, unlike the case with naive T cells, TGF-ß treatment 
significantly suppressed the ability of mature DC to present antigen to tumor-sensitized T 
cells. 

Antigen (tumor lysate)-pulsed DC were also evaluated for the ability to induce the 
production of a Thl cytokine, interferon-y (IFN-y) by T cells isolated from lymph nodes 
draining 4T1 tumors. Treatment with TGF-ß significantly inhibited the ability of both 
immature and mature DC to stimulate IFN-y secretion by T lymphocytes (Figure 5). 
Taken together, these data demonstrate that TGF-ß can inhibit the ability of DC to 
stimulate tumor-sensitized T cells and result in diminished production of Thl cytokines 
such as IFN-y involved in cell-mediated tumor immunity. 
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Figure 4. Effect of TGF-ß on BmDC ability to stimulate T cell proliferation. BmDC were generated 
as described above. Following 6 days of culture in GM-CSF and IL-4, BmDC were pulsed with 4T1 cell 
lysate for 48 hours in the presence or absence of 10ng/ml of TGF-ß, then cultured with TNF-a in the 
presence or absence of TGF-ß for 48 hours. Ten thousand DC were then incubated with 2xl05 splenic T 
cells isolated from naive mice (A) or mice bearing 14 day 4T1 tumors (B) for 4 days and pulsed with [3H] 
thymidine for the last 18 hours of culture. Numbers are mean ± SEM of triplicate samples. 



1ft IP 
£§ 
ftp*. 

200-, 

100- 
10) 

DC 
TGF-ß 
TNF-a 

p>0.00 

p=0.0003 

+ 
+ 

+ 
+ 

Figure 5. Effect of TGF-ß on 
BmDC-induced IFN-y production 
by T cells. BmDC were generated 
and treated with TGF-ß and TNF-a 
as described above. One million T 
cells isolated from lymph nodes 
draining 14 day 4T1 tumors were 
incubated with 2.5xl05 BmDC for 
48 hours. Following incubation 
supernatant was analyzed for IFN-y 
production by ELISA. Numbers are 
mean ± SEM of triplicate samples. 

Evaluation of the effects of TGF-ß neutralizing antibody on the efficacy of 
dendritic cell vaccines. 

A preliminary experiment was performed to determine if neutralizing intratumoral and 
systemic TGF-ß in tumor-bearing animals would have an impact on DC vaccination. To 
address this issue tumors were injected 2 times with tumor-lysate pulsed DC plus i.t. and 
i.p. TGF-ß-neutralizing antibody (2G7). The data shown below demonstrate that tumor 
growth continued in all 3 mice treated with DC alone, or with DC plus matched isotype 
control antibody. In contrast, tumor inhibition was observed in 2 of 3 tumors in animals 
vaccinated with DC plus 2G7. In order to substantiate these observations the experiment 
will be repeated with the addition of mice treated with 2G7 alone and mice treated with 
isotype antibody alone. 
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Figure 6. Effect of TGF-ß neutralizing antibody on DC vaccination. Mice with established 4T1 
tumors were vaccinated on day 14 and day 18 with 106 tumor lysate-pulsed DCs alone or in combination 
with 200u.g i.t. and 200u.g i.p 2G7 or isotype control antibody and monitored for tumor growth. Solid 
squares represent average tumor volume of untreated mice. Open circles represent tumor volume of 
individual mice. 



Reportable Outcomes 

Funding applied for and received based on research supported by this grant 
US Army Medical Research and Material Command 
IDEA Award 
DAMD17-01-126 
"Tumor-Mediated Suppression of Dendritic Cell Vaccines" 

Presentations 
Research supported by this grant will be included in a poster to be presented at the 16 
annual Society for Biological Therapy Meeting in Washington, DC on November 16 - 
19th 2001 
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