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 Prostate cancer is the second-leading cause of cancer-related death in men. Side effects 
from traditional therapies as well as increased treatment resistance have led to a search for more 
effective treatment modalities. Photodynamic therapy (PDT) has the potential to fulfill this need. 
PDT uses photosensitizers, light-sensitive drugs/dyes, which selectively accumulate in tumor 
cells. Light stimulation of the photosensitizers causes the formation of reactive oxygen species 
(i.e.: 1O2) only in tumor cells, sparing normal, healthy cells. This study evaluated porphyrus 
envelope as a novel therapeutic agent for PDT. Porphyrus envelope is created by incorporating 
the protoporphyrin IX lipid (PpIX lipid), a photosensitizer, into the hemagglutinating virus of 
Japan envelope (HVJ-E). HVJ-E was used because it leads to immune cell recruitment and 
activation of anti-tumor immunity, and thus a higher therapeutic effect in deeper tissue. 
Additionally, HVJ-E’s fragmented RNA induces apoptosis in cells via the RIG-I pathway. Direct 
cytotoxicity assays performed in this study found that HVJ-E alone and porphyrus envelope 
showed statistically similar decreases in cell survival rate in the absence of light 
stimulation/PDT. However, porphyrus envelope led to significantly lower tumor cell survival 
rate in the presence of light stimulation/PDT when compared to HVJ-E alone. The ideal 
irradiation wavelength (450 nm) was established using PpIX lipid’s absorption spectrum. Thus, 
porphyrus envelope represents a novel drug delivery system that can be used to more effectively 
treat prostate cancer as well as enhance the treatment options of other types of cancers conducive 
to PDT treatment, including brain and skin cancers. 
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MATERIALS & METHODS
PpIX Absorption Spectrum PpIX Accumulation Assay 

Direct Prostate Cancer Toxicity Assays with and without incorporation of PDT 

PpIX absorption spectrum indicates maximum 
absorption at 405 nm 

RESULTS

In absence of light stimulation/PDT, porphyrus
envelope retains similar prostate cancer (PC3) 
toxicity in comparison to HVJ-E alone

PpIX accumulation assay shows porphryus envelope 
leads to higher PpIX accumulation 

Porphyrus envelope represents a novel drug 
delivery system that can be used to more 
effectively treat prostate cancer. 
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2nd leading cause of cancer-related death in men.  

Hemagluttinating Virus of Japan (HVJ-E)
• Recruitment of immune cells and activation of anti-tumor 

immunity                                                                                   
à Higher therapeutic effect in deeper tissue

• Fragmented RNA induces cell death via RIG-I pathway
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EMT-ZsGreen & Control-mCherry

• Continued investigation of optimal PpIX
concentration                                                             
— Minimum amount of PpIX lipid needed for          
creation of effective PE

• Evaluation of PpIX accumulation in healthy prostate 
tissue vs. prostate cancer cells

• Spheroid and in vivo studies                                                             
— Comparison to in vitro results                                                   
— Identification of optimal PE dosage for use in 
clinical settings

FUTURE RESEARCH

Urgent search for more 
effective treatment modalities 

Increased Treatment Resistance 
+ Side Effects

Photodynamic therapy has shown potential 
to fulfill the need for better treatment options
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Cell Well 
(96 well plate)

o5000 cells/well
o36 wells

6 wells/group
A: Control
B: PpIX 4.75 pmol
C: PpIX 9.5 pmol
D: HVJ-E
E: PE 4.75 pmol
F: PE 9.5 pmol

FIGURE 1: PDT MECHANISM

FIGURE 5: PC3 SURVIVAL RATE 24 HOURS POST-SOLUTION ADMINISTRATION

FIGURE 6: PC3 CELL MORPHOLOGY 24 HOURS POST-SOLUTION ADMINISTRATION

n=18 n=18

FIGURE 8: PC3 CELL MORPHOLOGY 24 HOURS POST-PDT

FIGURE 7: PC3 SURVIVAL RATE 24 HOURS POST-PDT

Experimentally Established Mechanism: 

Administration 
of PE to in vitro 

system 

Impact of this study:

HVJ-E portion 
of PE induced 
cell death and 
led to greater 
accumulation 

of PpIX in 
tumor cells 

Increased 
tumor cell 

death upon 
PDT exposure  

Use of PE as 
novel drug 

delivery system

Selective 
targeting of 
tumor cells

More effective 
prostate cancer 
treatment and 

enhanced 
options for 

other cancers 
(ie. brain, skin) 
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10 μmol/L
PpIX Lipid

SpectraMax Plus 384 Microplate Reader 
(Molecular Devices)

Range: 401-625 nmIncubation: 10 min PBS= Phosphate-buffered 
saline

SDS = Sodium dodecyl sulfate
Incubation: 10 min

6 wells/group
A: Control
B: PpIX
C: HVJ-E
D: PE 4.75 pmol
E: PE 9.5 pmol

Cell Well 
(96 well plate)

o5000 cells/well
6 wells/group
A: Control
B: PpIX 4.75 pmol
C: PpIX 9.5 pmol
D: HVJ-E
E: PE 4.75 pmol
F: PE 9.5 pmol

U3500 Spectrophotometer 
(Hitachi)

w/o PDT 

w/ PDT

Incubation: 10 min

PpIX Photosensitizer
• Derived from natural heme precursor
• Fast excretion and low toxicity

+

Time: 60 sec/well
Power Density: 100 mW/cm2

Energy Density: 6 W/cm2

Incubation: 2 hrs Measurement: 405 nm

VersaMax Microplate
Reader (Molecular Devices)

Cell Well 
(96 well plate)

Cell Well 
(96 well plate)

FIGURE 3: PPIX ABSORPTION SPECTRUM FIGURE 4: PPIX ACCUMULATION RATE

1) CELL SEEDING 2) CELL TREATMENT 3) PBS WASH 4) SDS TREATMENT

Purpose: Determine ideal irradiation 
wavelength

1) CELL SEEDING 2) CELL TREATMENT 3) IRRADIATION
4) CELL PROLIFERATION
REAGENT TREATMENT

5) SURVIVAL RATE
MEASUREMENT

Purpose: Determine the effect of PE on the accumulation of PpIX photosensitizer 

Purpose: Determine the cytotoxicity of PE in the absence or presence of PDT/light stimulation 

Cell Well 
(96 well plate)

5) FLUORESCENCE MEASUREMENT

FIGURE 2: SYNTHESIS OF PE 

0

20

40

60

80

100

120

PpIX HVJ-E PE 4.5 PE 9.5

C
el

l S
ur

vi
va

l R
at

e 
(%

)

Incubation Solution

P>0.20
P>0.19

P<0.0001
P<0.0001

n=6

0

20

40

60

80

100

120

PpIX 4.75 pmol PpIX 9.5 pmol HVJ-E PE 4.75 pmol PE 9.5 pmol

C
el

l S
ur

vi
va

l R
at

e 
(%

)

Incubation Solution

405 nm
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In presence of light stimulation/PDT, porphyrus
envelope leads to significantly higher prostate 
cancer (PC3) toxicity in comparison to HVJ-E alone  

OBJECTIVE

To investigate whether porphyrus envelope can 
serve as a novel drug delivery system for 
photodynamic therapy of prostate cancer.

Major Disadvantage: 
Large dose necessary to produce consistent accumulation of 

photosensitizer in tumor
→Leads to unacceptable skin phototoxicity
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*PC3= Prostate cancer cells

Control     PpIX 4.75 pmol PpIX 9.5 pmol HVJ-E        PE 4.75 pmol PE 9.5 pmol

PpIX HVJ-E                         PE 4.75 pmol PE 9.5 pmol
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