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Abstract

Preclinical studies have shown that photodynamic therapy (PDT) of
tumors augments the host antitumor immune response. However, the role
of the PDT effect on tumor cells as opposed to the host tissues has not been
determined. To test the contribution of the direct effects of PDT on tumor
cells to the enhanced antitumor response by the host, we examined the
immunogenicity of PDT-generated murine tumor cell lysates in a preclin-
ical vaccine model. We found that the PDT-generated tumor cell Iysates
were potent vaccines and that PDT-generated vaccines are more effective
than other modes of creating whole tumor vaccines, i.e., UV or ionizing
irradiation, and unlike other traditional vaccines, PDT vaccines do not
require coadministration of an adjuvant to be effective. PDT vaccines are
tumor specific and appear to induce a cytotoxic T-cell response. We have
demonstrated that although both UV and PDT-generated tumor cell
Iysates are able to induce phenotypic DC maturation, only PDT-generated
Iysates are able to activate DCs to express [L-12, which is eritical fo the
development of a cellular immune response. Our results show that PDT
effects on tumor cells alone are sufficient to generate an antitumor im-
mune response, indicating that the direct tumor effects of PDT play an
important role in enhancing that host antitumer immune response. These
studies also suggest that in addition to the role of PDT as a therapeutic
modality, PDT-generated vaccines may have clinical potential as an ad-
juvant therapy.

Introduction

PDT? uses a photoreactive drug or photosensitizer in combination
with a specific wavelength of light to kill tumor tissue (reviewed in
Ref. 1). Clinical trials have shown a palliation of advanced disease
and long-term control of early disease (1). PDT is approved for
multiple indications in the United States, Canada, Japan, and 17
countries of the European Union. Numerous preclinical studies have
demonstrated that PDT enhances the host antitumor immune response
(1, 2). but the mechanisms behind this enhancement are unknown,
Among the potential contributing factors are alterations in the tumor
microenvironment via stimulation of proinflammatory cytokines and
direct effects of PDT on the tumor that increase imnunogenicity.
Previous studies have shown that PDT stimulates the expression of
several inflammatory mediators, including fumor necrosis factor-a,
IL-6, and IL-1 (1, 3). However. little is known about the direct effects
of PDT on the inherent immunogenicity of the tumor cells. To test
these effects we have used PDT to generate tumor cell lysates and
used these lysates to inoculate naive animals against subsequent tumor
challenge. The studies described in this report indicate that PDT-
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generated tumor cell lysates are strongly immunogenic and are effec-
tive antitumor vaccines, which function in the absence of adjuvants,

Materials and Methods

Animals and Vaccine Protocol. BALB/] (EMT6 tumor host) and
DBA/2) (P815 tumor host) mice. obtained pathogen-free from The Jackson
Laboratory (Bar Harbor, ME). were used for all of the experiments. Animals
were housed in microisolator cages in a laminar flow unit under ambient light.
Six to 12-week-old animals were vaccinated intradermally on the right shoul-
der with 30 ul of lysate (3 X 10° cell equivalents) or medium control once a
week for 4 weeks. The animals were rested a week and then inoculated on the
flank with 1 X 10* tumor cells harvested from exponentially growing cultures.
Tumor growth was monitored for 90 d; animals were sacrificed when the
tumor growth reached 400 mm® or at 90 d. At least five mice were uscd for
cach experimental group.

Generation of Lysates. EMT6 cclls were grown in Basal Medium Eagle
(BME) supplemented with 15% FBS and antibiotics (all from Life Technol-
ogies, Inc., Grand Island, NY): P815 cells were grown in DMEM supple-
mented with 10% FBS, sodium pyruvate, L-glutamine and antibiotics: Colon
26 cells were grown in RPMI 1640 supplemented with 10% FBS and antibi-
oucs. All of the cclls were cultured in a humidificd atmosphere of 5% CO,in
air at 37°C. For PDT-gencrated lysates, cxponentially growing cells were
exposed to 2.5 ug/ml Photofiin (QLT PhotoTherapeutics Ine., Vancouver,
British Columbia, Canada) in complete medium for 24 b, followed by cxposurc
to drug-free complete medium for 3 h. Cells were then transferred to serum-
free medium (Ham's FI2; Life Teehnologics, Inc.) at 1 X 107 cells/ml and
illuminated with 630 nm light via an argon-dye laser system {Spectra Physics,
Mountainview, CA) with a dosc cquivalent to the LDy, (P815 0.8 Jiem?;
EMTG6 ~1 Jem?). Treated cells were incubated in a humidified atmosphere of

% CO, at 37°C for 48 h, For UV-generated lysates, P815 cclls (1 X 107/ml)
were washed twice in PBS and irradiated with a pair of FS40 sunlamps
(290320 emission spectra). Cells reccived a total dose of 180 J/m? at 3.8
Wi (~LDgg). After treatment, cells were resuspended in Ham’s F12 me-
dium and cultured as described above. IR lysates were gencrated by treatment
of the clls with 50 Gy (LDy,) of y-irradiation. followed by a 48 h incubation
in Ham’s FI12 at 1 x 107 celiml. LDy, Jovels were determined by the
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltctrazolium bromide assay (4) 48 h
after treatment. After the 48 h incubation, cells and supernatants were ¢ollected
and spun at 800 X g to clear cell debris and any remaining live cells. The
resulting supernatant was collected and frozen at —70°C until use. F/T lysates
were generated by subjecting cells (1 X 107cellim! Ham's F12) to three F/T
cycles, followed by centrifugation at 800 X g to remove the cell debris. A
munimum of two independent lysate preparations by cach method was used.

ELISPOT Assay for IFN-y. Vaccinated and control mice were sacrificed
| week after the final vaccination. Spleens were harvested, RBC-depleted
single cell suspensions were generated, and ELISPOT assays (3. 6) were used
to quantitate the numbers of TFN-vy scercting cells. The capture antibody, a rat
antimousc IFN-y monoclonal antibody (R4-6A2; PharMingen. La Jolla, CA)
was used at 10 pg/ml (50 pliwell) in oster cellulose-bottom plates (Millipore,
Bediord, MS). Spleen cells at 5 % 0% cells/ml culture medium (RPMI 1640
supplemented with 10% FBS, t-glutanine, antibiotics, and B-mercaptoctha-
nol) were added to the plate (50 uliwell). The cells were incubated for 24 h at
37°C without (mcdium alone) or with stimulation, For stimulation either ConA
{1 pg/mi: positive control), irradiated P$15 cells (5 X 10° cells/well: 50 Gy),
PDT, UV, or IR-generated lysates (10% cell equivalentsiwell) in a total volume
of 30 pl was added. After the culture period, cells were removed by washing
the plate in PBS-Tween (0.05%), and a biotinylated antimouse IFN-y mono-
clonal antibody (XMG1.2; PharMingen) was added at 5 pg/ml (50 pliwell).
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The plates were incubated at room temperature for 2 b The antibody was then
removed. and streptavidin-horseradish peroxidase (1:1000; PharMingen) was
added. Spots were developed with the substrate AEC (Sigma Chemical Co., St
Louis, MO). Each spot represents an IFN-vy-secreting cell. A minimum of six
replicates was performed per sample. Wells containing stimuli alone did not
result in spots after the assay.

Chromium (*'Cr) Release Assay. Vaccinated and control mice were
sacrificed | week after the final vaccination. Spleens were harvested and
RBC-depleted single cell suspensions were generated. Cytolytic activity was
measured as described previously (7). Bricfly. *'Cr-labeled target cells were
incubated with splenocytes at various ratios for 4 h at 37°C. After incubation,
supcrnatants werce harvested, and radioactivity was measured by scintillation
counting (Packard Instruments Co., Meriden, CT). Results are presented as
pereentage of specific lysis, which was caleulated as follows: percentage of
specific lysis = [(observed experimental lysis — the spontaneous lysis ob-
served when target cells were incubated with medium alone)/(maximal tysis
obscrved when target cells alone were incubated with 0.3% Triton X-100 - the
spontaneous lysis)] > 100. The spontancous lysis was <7 10%4: three replicates
were assayed por sample. and three animals were used per group. Specificity
was determined by measuaring lysis of a different, H-2 matched tumor cell line.
A minimum of six replicates was performed per sample.

DC Studies. Bone marrow-derived DCs (10° cells/ml) were isolated from
DBA/2 or BALB/c mice as described (8). Brictly, RBC-depleted bone marrow
cells were cultured in complete medium (RPMI 1640 supplemented with 10%
FBS, L-glutamine. 5 mM 2-mercaptocthanol, and antibiotics) containing 20
ng/ml recombinant mouse granulocyte macrophage colony-stimulating factor
at 37°C m a humidified atmosphere with 5% CO,. The cultures were fed every
second day with mediam containing fresh granulocyte macrophage colony-
stimulating factor. On day 6 of culture, nonadherent cells were removed and
washed once in complete medium. Flow cytometry analysis of these cells
showed that a majority (70-80%) were MHC class I and CD&6 ", and were
defined as immature DCs (8).

Iminature DCs were primed with tumor cell lysates by incubating 10° DCs
with tumor cell lysates generated from 3 X 10° P815 or EMT6 cells overnight
n complete medium at 37°C in a humiditicd atmosphere with 5% CO,. As a
positive control DCs were incubated with lipopolysaccharide (1 pg/ml; Sigma
Chemical Co.); negative control DCs were incubated with medium alone. After
incubation DCs were analyzed for class II and CD86 expression by flow
cytometry as described (3). Culture supernatants were harvested and analyzed
for IL-12 expression using an ELISA kit specific for murine IL-12 p70
(BioSource, Camarillo. CA). Each experiment was performed a minimum of
three times with separate DC preparations.

Statistieal Analysis. Survival curves were compared using log rank anal-
yses, All of the other comparisons were done by Student’s ¢ test. Comparisons
with a difference of P < 0.05 were considered significant.

Results

PDT Lysates Are Immunogenic and Are Effective Vaccines.
PDT has been shown to enhance the host antitumor immune response
(1). To determine whether this enhancement was at least in part a
consequence of the effects of PDT on tumor cells, we tested the
immunogenicity of tumor cell lysates generated by in viro PDT
treatment at a LD,,. Naive mice were vaccinated with PDT-generated
tumor cell lysates. F/T lysates, or medium alone as described above.
After vaccination the mice were rested 1 week and inoculated with a
tumorigenic dose of exponentially growing tumor cells. Survival
curves (Fig. 1, 4 and B) demonstrate the protective nature of the
PDT-generated lysates in two tumor model systerhs. P815 and EMT6.
In both cases vaccination with PDT-generated lysates provided sig-
niticant protection against tumor growth when compared with animals
vaccinated with medium alone (P < 0.0001 and P < 0.0099. respec-
tively). PDT lysates also provided significantly better protection when
compared with vaccination with F/T lysates (P815, P < 0.0045 and
EMTG6. P << 0.0365); no significant protection was provided by
vaccination with lysates generated by F/T cycles when compared with
vaccination with medium alone (P815. P < 0.160 and EMTS,
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Fig. 1. PDT vaccines provide protection against subsequent tumor challenge in a
wmor-specific maoner. 4, naive animals were vaccinated with PDT-generated or /T
P&135 tumor cell lysates. or with medium alone once a week for 4 weeks. After a week of
rest the animals were challenged with 10% viable P15 cells, and tumor growth was
monitored for 90 days or until the tumors reached 400 mm3. Results are reported as the
percentage of mice with wmors <7400 mm3. PDT lysatc (W) » = 10 animals; F/T ()
n = 10 animals: medium (broken line) n = 7 animals. B, naive animals were vaccinated
with PDT-generated or /T EMT6 tunor cell lysates, or with medium alone once a week
for 4 weeks, After a week of rest the animals were challenged with 10% viable EMT6 cells,
and tumor growth was monitored for 90 days or until the tumors reached 400 mm?,
Results are reported as the percentage of mice with tumors <400 mm®, PDT lysate ()
# = 12 animals: F/T (@) # = 5 animals. medium (roken line} n = 7 animals.

P < 0.978). These results demonstrate that PDT directly affected the
immunogenicity of P815 and EMT6 tumor cells and that PDT-
generated lysates were effective vaccines.

To test the specificity of the tumor vaccines, vaccinated mice were
inoculated with an H-2 matched unrelated tumor cell line. Vaccination
with PDT-generated EMT6 lysates provided no protection against
growth of Colon 26 tumors (data not shown). demonstrating that the
PDT-generated vaccines were tumor specific. Similar results were
observed with P815 vaccines, and the specificity was confirmed by
ELISPOT analysis (see below; Fig. 34).

PDT Vaccines Provide Better Protection than UV or IR Vac-
cines., We next compared the cffectiveness of PDT-generated vac-
cines to those generated via treatment with UV or IR. Naive animals
were injected with lysates generated by in vitro treatment of P815
cells treated at a LD,, level with PDT, UV, or IR as described in
“Materials and Methods.” As shown in Fig. 2 PDT-generated lysates
provide better protection than do those generated by UV or IR (PDT
versus UV, P < 0.05 and PDT versus IR, P < 0.04). No significant
differencees were observed between the protective effects of UV, IR,
or F/T-generated lysates (UV versus IR, P > 0.79; UV versus F/T,
P > 0.36; and IR versus F/T, P > 0.54). UV-generated lysates
provided significantly better protection than medium  alone
(P << 0.008): lysates generated by IR or F/T were not significantly
more protective than medium (P > 0.11 and P > 0.16, respectively).

PDT Vaccines Induce Tumor-specific 1FN-y-secreting Cells
and Increase Cytolytic Activity. The specificity of splenocytes ac-
tivated by vaccination was examined by ELISPOT analysis (Fig. 34).
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Fig. 2. PDT-generated vaccines are more effective than UV- or IR-generated vaccines.
Naifve animals were vaccinated with PDT, F/T, UV, or y-irradiation-generated P8 13 tumor
cell lysates or with medium alone once a week for 4 weeks. After a week of rest the
animals were challenged with 10% viable P§15 cells, and tumor growth was monitored for
90 days or until the tumors reached 400 mm®. Results are reported as the percentage of
mice with tumors <400 mm>. PDT lysate (M) # = 10 animals; UV ysate (Wyn = 10
animals: y-imadiation lysate (@) 7 = 5 animais: F/T (#) n = 10 animals: medium {broken
ling) n = 7 animals,

Spleen cell preparations isolated from mice vaccinated with lysate
preparations contained significant levels of IFN-y cells when stimu-
lated by either PDT-generated P815 tumor lysates or PR15 cells in
virro, as compared with spleen cell preparations isolated from mice
vaccinated with medium (P < 0.0001). In contrast none of the lysate
preparations induced splenic cells that responded to in vitro stimula-
tion with EMT6 cell lysates, confirming the specificity of the re-
sponse. Stimulated spleen cell preparations isolated from mice vacci-
nated with PDT-generated lysates had significantly more IFN-vy
secreting splecn cells when compared with stimulated spleen cell
preparations isolated from mice vaccinated with either UV (stimulated
with PDT P815 lysates, P < 0.0045; stimulated with P15 cells,
P < 0.0001) or F/T lysates (stimulated with PDT P815 lysates,
P < 0.0015; stimulated with P815 cells. P < 0.0001). Spleen cells
from mice vaccinated with medium did not contain significant levels
of IFN-y-secreting cells when stimulated in vifro with cither PDT-
generated lysates or P815 cells (P < 0.59); spleen cells from all of the
groups contained significant levels of IFN-y-secreting cells when
stimulated with ConA (P < 0.0001).

To determine whether vaceination with PDT-generated lysates in-
crease cytotoxicity, cytolytic activity present in the spleens of vacci-
nated mice was measured. As shown in Fig. 38, PDT- and UV-
generated lysates significantly increased cytolytic activity present in
the spleens of vaccinated mice when compared with the activity in
mice vaccinated with medium alone (P < 0.0035 at E:T ratio of
200:1). Vaccination with PDT-generated lysates was significantly
better at increasing cytolytic activity when compared with vaccination
with either F/T or UV-generated lysates (P < 0.0045 at E:T ratio of
200:1).

PDT-generated Lysates Activate DCs. T-cell immunity is initi-
ated by interaction of naive T cells with mature DCs (9). Immature
DCs are potent phagocytes but poor T-cell stimulators (10). There-
fore, DC maturation is a critical step in the induction of the immune
response. It is possible that a reason PDT-generated lysates are more
effective tumor vaccines is that they are better able to stimulate DC
maturation than lysates generated by UV, IR, or F/T. To test this
hypothesis we examined the effect of various lysates on phenotypic
and functional DC maturation. Immature DCs (MHC class II',
CD86 ) were isolated from 6-day DBA/2 bone marrow cultures and
incubated overnight at a 1:3 ratio with tumor cell lysates generated by
PDT, F/'T, UV. or IR.

Expression of MHC class 1T or CD86 was determined by flow
cytometry (Fig. 44). Incubation with both PDT and UV-generated
lysates significantly increased the number of mature DCs (class [,
CD86™) when compared with incubation with lysates generated by
F/T or IR (P < 0.003). Similar results were observed when DCs
isolated from BALB/c bone marrow cultures were incubated with
PDT or UV-generated EMT6 cells lysates (data not shown).

The functional state of DCs incubated with tumor cell lysates was
analyzed by assaying supernatants from tumor cell lysate:DC cultures
for the presence of 1L-12. IL-12 secretion is a measure of functional
DC maturation. Interestingly incubation of immature DCs with PDT-
generated lysates induced significantly more IL-12 secretion than did
incubation with lysates generated by F/T, UV, or IR (Fig. 4B;
P < 0.014). IL-12 secretion was not significantly different betweoen
cultures containing lysates generated by F/T, UV, or IR (P > 0.934),
and the amount of IL-12 secreted in these cultures was not signifi-
cantly different from the amount secreted with DCs incubated with
medium alone (P > 0.582). None of the lysates themselves contained
IL-12 (data not shown). Thus, whereas PDT and UV-generated lysates
both induced phenotypic maturation of DCs. only PDT-generated
tumor cell lysates induced function maturation.

Discussion

To our knowledge this is the first demonstration of the ability of
PDT to enhance tumor cell immunogenicity, the first report of the use
of PDT to generate tumor vaccines, and the first report of a crude
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Fig. 3. PDT vaccination stimulates tumor-specific T cells. Naive animals (three/group)
were vaccinated with PDT-, UV~ or F/T-generated P8ISS wmor cell lvsates or with
medium alone once a week for 4 weeks. On week 5 the mice were sacrificed, and single
cell spleen cell suspensions were generated. A, spleen cells were stimulated with either
ConA, P815 PDT-generated lysate. EMT6-generated lysate, or P815 cells or not stimu-
lated {none) for 24 h. After stimulation the number of IFN-y-secreting spleen cells was
determined by ELISPOT analysis as deseribed in “Materials and Methods.” Results are
reported a number of [FN-y-secreting cells per 5 % 10° spleen cells; bars +SE. Spleen
cells isoluted from mice vaccinated with PDT-generated P815 lysates () cells isolated
from mice vaccinated with F/T generated PSIS lysates (N\): cells isolated from mice
vaceinated with UV-generated lysates alone (M): cells isolated from mice vaccinated with
medium alone (B2). B, cytolytic acuvity was measured as described in “Materials and
Methods.” Results are reported as percentage of specific lysis of *'Cr-labeled target cells:
bars, ZSE. Cells isolated from mice vaccinated with PDT-generated PR3 lysates (M)
cells isolated from mice vaccinated with F/'T generated P815 lysates (A); cells isolated
from mice vaccinated with UV-generated lysates (@) cells isolated from mice vaccinated
with medium alone {O).
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Fig. 4. PDT.5c od twmor cell tysates activate DCOs. 4, immature DCs were isolated
from DBA2 bone marrow cultures and incubated overnight with tumor cell lysates as
indicated on the X axis at a 1:3 ratio. After incubation the cells were subjected to flow
cytometry. Results are reported as percentage of MHC class 117, CDB6™ cells in the total
population; bars. = SE. B, supematants were harvested from DCs/tumor cell lysate
cultures described above and assayed for the expression of p70 IL-12 as described in
“Materials and Methods.” Results are reported as pg/mi 1L-12; bars. +SE.

tumor vaccine that is functional in the absence of adjuvant. Our
studies show that vaccination with PDT-generated tumor cell lysates
elicits a tumor-specific immune response as demonstrated by protec-
tion against subsequent mumor inoculation, induction of tumoricidal
activity in the spleen, and increased numbers of [FN-y-secreting
splenic cells. These studies demonstrate that PDT is able to enhance
the nherent immunogenicity of at least some tumor cells.

Our findings on PDT vaccines could contribute greatly to our
understanding of how in sifu PDT amplifies the host immune re-
‘sponse. Several preclinical studies (1, 2) and one clinical study (11)
have demonstrated that PDT activates the host immune response.
Although the mechanism behind this activation is unknown. the
response appears to be T-cell dependent (2). A potential mechanism
behind the success of PDT-vaccines lies in the ability of PDT-
generated tumor cell lysates to stimulate 1L-12 production from DCs.
IL-12 is required for the development of Thl (12) and [FN-y-secret-
ing CD8™ (Tcl) cells {13). Thl cells are critical to the development
of a cellular immune response (14). and Tel cells promote tumor
immunity (15). Incubation of immature DCs with PDT-generated
tumor cell lysates in vitro stimulated IL-12 production, whereas
incubation with UV and IR-generated tumor cell lysates did not. Thus,
it is possible that vaccination with PDT lysates activates DCs in vivo
causing them to secrete [1.-12 and initiate a cellular immune response.
This hypothesis is supported by the fact that the tumoricidal activity
in the spleens of PDT-vaccinated mice is greater than that found in
UV- or IR-vaccinated mice. It is also possible that PDT vaccines are
effective in the absence of adjuvant becanse they are able to provide
their own adjuvant and directly stimulate the production of IL-12 from
DCs. Similar mechanisms may be active atter in situ PDT, which also
causes direct tumor cell death and release of inflammatory mediators.
In sit PDT may result in the activation of DCs at the tumor site and
ultimate stimulation of tumor-specific T cells. Current studies in our
laboratory are investigating the fate of immature DCs after in siru

PDT. Results from these studies may allow us to enhance the effec-
tiveness of PDT in generating host antitumor immune response and
potentially provide for protection against metastases outside the treat-
ment field.

It has been hypothesized that different stimuli are able to trigger
different levels of DC activation and that the different activation states
trigger different T-cell responses (10). Immature DCs preferentially
engulf apoptotic cells (16). PDT induces cell death via both apoptotic
and necrotic pathways (17). The dominant mode of cell death after
PDT is dependent on the photosensitizer used, the localization of the
photosensitizer, and the treatment protocol (18). The PDT treatment
protocol used in these studies resulted in a mixture of apoptotic and
necrotic cells, whereas UV treatment resulted. in apoptotic cell death,
and our IR protocol primarily induced necrosis of P815 cells (data not
shown). Uptake of apoptotic cells alone is insufficient to induce
maturation/activation of DC. and a second signal is required (19).
Therefore, it is possible that UV- and IR-generated tumor cell lysates
are only able to partially activate DC, which results in less etficient
T-cell stimulation. This hypothesis is supported by our findings that
UV-generated lysates appear to be only able to partially activate DCs,
as evidenced by increased MHC class IT and CD86 expression but no
increase in 1L-12 production, and the results that showed that UV or
IR vaccines are not as effective as PDT vaccines at activating tumor-
specific IFN-y-secreting cells and at increasing splenic cytolytic ac-
tivity. However, partial DC activation by UV lysates appears to be
sufficient to induce some T-cell activation, because vaccination with
UV-generated lysates were significantly better at inducing tumoricidal
activity (P << 0.0047) and IFN-vy-secreting cells (P < 0.0004) when
compared with vaccination with F/T lysates.

The nature of the “activation™ factor in PDT-generated tumor cell
lysates is unknown, although there are several promising candidates.
Inflammatory signals, such as necrotic cells/tissue and HSPs, induce
DC maturation/activation (19). The PDT treatment protocol used in
this study resulted in the appearance of necrotic cells, and PDT
treatment of tumor cells results in the expression of tumor necrosis
factor-c, IL-1, and IL-6 (1.3). PDT also stimulates the expression of
HSPs (20). A recent report demonstrates that incubation of DCs with
HSP60 results in the expression of I1L-12 (21).

The EMT6 and P815 tumor models are immunogenic tumor models

22, 23). It will be important to determine how effective PDT vaccines

are in the treatment of weakly or nonimmunogenic tumor models. We
have preliminary data showing that PDT vaccines are cffective in the
poorly immunogenic murine alveolar lung carcinoma tumor line. Line
I, and studies by Korbelik and Cecic (24) have shown that intratu-
moral injection of the SCCVIL murine line, which is also poorly
immunogenic. with PDT-killed cells significantly retards tumor
growth.

Although recent studies have focused on the use of genetically
engineered cancer vaccines or tumor-associated antigen-primed DCs
(25, 26), there is no convincing evidence to date that these vaccines
have an overwhelming advantage over crude vaccines {25). In addi-
tion, as pointed out recently by Banchereau et al. (26), the use of
isolated DCs in large-scale immunization is not feasible, and there is
a need to develop strategies to activate DCs in vivo. These limitations
have revitalized interest in the use of “crude™ tumor lysates as vac-
cines, which are generally created by UV or IR of tumor cells and are
coinjected with an adjuvant (25, 27). Our studies show that PDT-
generated tumor cell lysates are effective antitumor vaccines that are
functional in the absence of adjuvant, and direct comparison of
PDT-generated vaccines with those prepared by UV or IR indicated
that PDT-generated vaccines were superior at eliciting cytolytic ac-
tivity and providing protection.

The finding that PDT generated tumor cell lysates were effective
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antitumor vaccines has potentially broad clinical implications. Not all
tumors are amenable to PDT, either because of size or location, and
one could conceive of an adjuvant use for PDT vaccines in conjunc-
tion with other cancer modalities that do not enhance the host antitu-
mor immune response, such as surgery and/or chemotherapy. Prelim-
inary data from our laboratory has shown that PDT vaccines are
effective against established s.c. tumors and lung metastases.
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