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“Enhancing the Efficacy of Dendritic Cell Vaccines by Tissue Conditioning”
PC 051358 (PI Philipp Dahm)
Progress Report (June 2009)
a. Introduction

The ove rall obj ective o f't his pr oposal ha s b een to investigate the no vel Iin situ immune
modulation for enhancing the efficacy of cancer vaccines. The central hypothesis of the approach
under investigation is that the ex vivo step of D C maturation as a ne cessary p rerequisite for
generating migratory DC capable of stimulating strong antigen-specific T cell responses can be
replaced by an in vivo process termed ‘in situ priming’. Based on preclinical and clinical data
from our laboratory and others we hypothesized that the topical immunostimulant Imiquimod is
a suitable agent that provides the necessary signals to facilitate D C maturation, migration and
effective antigen presentation.' Ultimately, the profound immune stimulation by antigen loaded
DC would lead to strong tumor-specific immune response.

‘In situ priming’ approach has many advantages comparing to conventional in vitro maturation
including (1) that it r ecapitulates more closely the physiological conditions for D C maturation
and hence may l ead to a m ore de sirable out come, namely a m ore pot ent i mmune r esponse,
(2) that it eliminates an in vitro culture step, w hich in the s etting of this p atient-specific c ell
therapy protocol represents a considerable simplification, and (3) that in situ maturation obviates
the dependence on expensive biological reagents used for ex vivo DC maturation.

Our preliminary research findings formed the basis of t his proposal to investigate t he novel
concept of in ‘in Situ priming’ in the setting of a phase I/II clinical study and to perform detailed
immunological and molecular studies both of the local injection site and the peripheral bl ood
stream to better understand the mechanisms of DC maturation and T-cell activation by antigen
presenting cells.

b. Results

In our study, we translated the novel concept of in situ maturation into a clinical trial setting. In
an open | abel, P hase I/IL, s afety and toxicity t rial we enrolled 15 patients with hor mone-
refractory or m etastatic pr ostate canc er s tudy subjects to receive s ix w eekly 1 njections of
immature, LAMP-hTERT mRNA transfected DC with a constant dose of 1 x 10’ administered to
a skin site pretreated with topical applications of Imiquimod. Patients in Dose Level 1, 2 and 3,
respectively applied a s ingle-use packet (0.25g) of topical Imiquimod ( Aldara™) ¢ ream (5% )
once, twice or three times prior to DC injection. Skin biopsies were obtained from study subjects
before and after topical Imiquimod application to determine molecular and cellular changes at
cutaneous D C injection sites. Studies in human skin tissues focused on analyzing Imiquimod-
induced changes on the local cytokine environment, activation of TLR-mediated pathways, and
potential recruitment of APC into treated skin sites. Furthermore, we analyzed the magnitude,
quality, a nd dur ation of va ccine-induced C D8" and C D4" T-cell r esponses i n the pe ripheral
blood compartment. Peripheral blood samples were collected at frequent, defined time intervals
over the treatment course and during the follow-up period. We also analyzed key parameters of
the va ccine-induced C D8" and CD4" T-cell response by s tudying its m agnitude, qu ality, and
duration in the peripheral blood compartment.

b-1 Specific Aim #1: To conduct an exploratory phase I/l study to test the safety,
immunologic, and clinical activity of in situ-activated DC in patients with metastatic PCA.



A total 15 subjects w ith metastatic pr ostate ad enocarcinoma, stage w ith e ither doc umented
metastatic disease (any N+ or M+) or a rising serum PSA despite continued androgen ablation
were enrolled a nd t reated i nt his Institutional R eview Board (IRB) and F ood a nd D rug
Administration (FDA-) approved study. This phase of the study was completed in its entirety at
Duke University Medical Center as reported in the previous progress report from April 2007.

In brief, a total of 3, 6, and 6 s tudy subjects were enrolled and successfully treated at the low,
intermediate a nd hi gh dose, respectively without e ncountering a ny t herapy-related adverse
events. Immunological m onitoring r evealed t he a ntigen-specific i mmune r esponses were
successfully induced in 14 of 15 studied subjects. The clinical trial proportion of this application
was thereby c ompleted prior to the relocation of the PIto the University of Florida e ffective
September 1%, 2006.

b-2 Specific Aim #2: To assess the local biological response to Imiquimod application by
analyzing molecular and cellular changes at cutaneous DC injection sites following topical
administration.

To assess the local biological response to Imiquimod application, and specifically, the time and
dose-dependent I miquimod-mediated r elease of ¢ ytokines, w e obt ained s kin bi opsies f rom
untreated skin sites as well as biopsies after increasing numbers of Imiquimod applications. As
shown in Figure 1, we did not observe an increase in tissue levels of most molecules that are
known to mature monocyte derived DC, such as IL-4, IL-5, TNF-a, IL-6, IL-1B. Only a small
increase in PGE-2 levels was noted at the hi ghest dose level. However, we found significant
migratory chemokines such as RANTES and MCP-1 post treatment. These findings suggest that
alternative p athways are involved in the in situ m aturation process. At the same time, tissue
levels of i nhibitory m olecules s uchas IL-10 and M IP-1f significantly inc reased with each
application of Imiquimod.
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Figure 1. Cytokine profiles in Imiguimod-pretreated dermal tissue. 4 m m s kin bi opsies w ere
obtained from untreated skin sites (labeled as “pre”) as well as skin sites that had undergone a single
application (day -1), two applications (days -3 and -1) and three applications of Imiquimod (days -5, -3
and -1). Skin biopsies were obtained at the time of DC injection. Concentrations of RANTES, TNF-a, IL-
6, IL-1B, MIP-1B, IL-10, Interferon-o and 1L-4 were determined by cytokine bead array according to the
manufacturer’s i nstructions. PGE-2 pr oduction w as qua ntified by E LISA. R esults are pr esented a s
cytokine release in Imiquimod-treated tissue vs. untreated control tissue as fold increase R epresentative
results from 3 subjects in each group are shown.

Next, we explored the possibility of indirect maturation of monocyte-derived DC by Imiquimod.
As shown in Figure 2, we found a novel maturation mechanism of DC induced by the cytokines
released from the co-culture of Langerhans cells with Immiquimod. Although Immiquimod alone
did not have significant impact on DC maturation, the cytokines released from the activation of
Langerhans cells by Immiquimod served as profound s timulation reagents for DC. Thus as a
result, immature DC were activated under the skin and migrated to the draining lymph nodes.
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Figure 2. Indirect maturation of monocyte-derived DC by Imiquimod. Immature D Cs w ere
activated w ith di fferent reagentsi ncluding: m aturation ¢ ocktail; L oxoribine; I mmiquimod a nd
supernatant from L C treated with Imiquimod. T he antigen stimulation function of activated DC were
tested in the standard MLR reaction (Upper panel) and the phenotypes of D C were monitored w ith
FACS analysis ( Middle Panel). To s tudy t he m igratory pr operties of a ctivated immature D C, w e
performed in vitro migration assays using migratory che mokines and the quantitative r eal-time P CR
using CCR-7 expression as the indicator for DC migration shown in the lower panel.



b-3 Specific Aim #3: To analyze the magnitude, quality, and duration of vaccine-induced
CD8" and CD4" T-cell responses in the peripheral blood compartment.

To analyze t he m agnitude, qua lity, a nd dur ation of va ccine-induced C D8 and C D4" T-cell
responses in the peripheral blood compartment we collected peripheral blood samples at defined
time intervals over the treatment course and during the follow-up period. Frequencies of hTERT
specific T cells be fore, during and after immunization were measured by IFN-y ELISPOT. In
addition to antigen-specific CD8 T-cell response, we also focused on analyzing the suppressive
T-cell r esponses using t he bl ood s amples collected from the low dose and intermediate dose
group. Interestingly, we did not observe any activation of FoxP3 positive regulatory T cell and
IL-5 secreting Th2 T cells, a finding which is commonly associated with in vitro matured DC.
Vaccine. Vaccination with immature hT ERT R NA tr ansfected D C r esulted in the c onsistent
stimulation of robust hTERT-specific CD8+ T cell responses that appeared of greater magnitude
in the patients in the intermediate dose group.
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Figure 3. Temporal evolution of hTERT-specific CD8" T and CD4 " T cell responses in the low dose
(A) and medium dose groups (B). Left Panel. Representation of longitudinal CD8" T and CD4 " T cell
responses of three individual patients treated in each treatment arm. Middle Panel. F oxP3 R T-PCR
analysis on pre and post vaccine CD4 T cells from three patients treated in the intermediate group. Right
Panel. CD4 T cells were sorted from pre and post vaccination samples and IL-5 ELISPOT analysis were
performed to determine the antigen-specific Th-2 T-cell response.

The T cell response from high dose group was also measured with standard ELISPOT analysis
and quantitative real-time PCR analysis. The anti tumor T-cell response appeared dampened by
the rising number of suppressive T cells. In contrast a continuous increase in the number of
antigen-specific T cells observed in the low and medium dose, the frequency of interferon-y
secreting T cells were reduced after the third vaccination. The reduction of antigen-specific T
cells was concurrent with an increase of FoxP3 copies in the CD4 T cell compartment which
suggests an activation of antigen-specific regulatory T cells. Furthermore, the cytokine profile of
high dose treated skin site which comprised high level of IL-10 may preferentially facilitate the
induction of Th-2 lineage and suppressive T cell lineage (Figure 4).
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Figure 4. Immune monitoring for high dose group. hTERT-specific C D8" Tand C D4 ~ Tcell
responses of a representative patient in the high dose group. Upper Left Panel. Cytokine profile in high
dose Immiquimod treated dermal tissues. Lower Left Panel. Representation of longitudinal CD8" T and
CD4 " T cell responses of three individual patients treated in each treatment arm. Middle Panel. FoxP3
RT-PCR analysis on pre and post vaccine CD4 T cells from three patients treated in the intermediate
group. Right Panel. CD4 T cells were sorted from pre and post vaccination samples and IL-5 ELISPOT
analysis were performed to determine the antigen-specific Th-2 T-cell response.

Finally, to access the clinical r esponse after the tr eatment, serum PSA levels w ere measured
before and after therapy and PSA doubling times were calculated. A total of 15 patients with a
follow-up of atle ast2 mo nths were available f or analysis. A Ilthough no objective c linical
responses w ere noted after vaccination, PSAdt calculations revealed a prolonged P SAdt in all
three dosing groups (Figure 5).
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b-4 Training and research integration

The PI successfully completed all requirements of the Duke Clinical Research Training Program
(CRTP) and graduated from this program with a Masters de gree of Health Sciences in Clinical
Research i n J une of 6/2006. A Ithough not s pecifically r elated t o t his s pecific pr oposal, yet
undoubtedly as t he r esult of t he oppo rtunities i t ha s afforded hi m, t he P I h as de veloped
considerable expertise in research methodology and be come one o f the 1 eading proponents of
evidence based medicine in urology. Several peer-reviewed publications document this positive
career de velopment.”'" He ha s r ecently di rected an 1 2 da y w orkshop on e vidence ba sed
medicine at the headquarters of the American Urological Association and is one of few surgeons
to be invited as faculty of the prestigious workshops on how to teach evidence based medicine at
Duke, M cMaster a nd Oxford U niversity. H e c ontinues t o be i ntimately i nvolved w ith
translational r esearch in t he can cer i mmunotherapy serving as t he C o-PI of t wo P hase I/Ila
studies of RNActive®-derived therapeutic vaccine and active immunotherapy using telomerase
mRNA transfected DC applied in a prime boost format, both in patients with metastatic prostate
cancer.

c. Key research accomplishments

3

a) Successful tr anslation of the “in situ maturation” c oncept int o the c linic by e xecuting an
innovative phase I/Il study and treating pa tients w ith advanced prostate canc er with hTERT
RNA transfected DC.

b) Our results confirm that the in situ activation of DC with Imiquimod is safe and feasible and
leads to the induction of hTERT-specific immune responses.

c) Analysis of the c ytokine profiles of Imiquimod treated DC skin injection sites suggest that
alternative pathways are involved in DC maturation in the in situ maturation approach.

d. Conclusions

The findings of this study will provide the basis for subsequent clinical trials seeking to establish
the t herapeutic ef ficacy of t his va ccine pl atform w hich a re ¢ urrently i n de velopment. A
publication in the peer-reviewed literature is in preparation. Meanwhile the PI has co-authored
several publ ications in related topics in the interval.'> '* Finally, the protected research time
which this P hysician Research Training A ward has a fforded hi m has pe rmitted hi m to
successfully pur sue a Masters of H ealth Sciencesi n Clinical R esearch which has be en
tremendously valuable to his career development.
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